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CHAPTER I 
INTRODUCTION 
Ammonia has a vital place in nitrogen metabolism in 
biological systems, especially in plants. It is an 
important component in protein synthesis without which 
no life would be possible. 
Continuous and excessive application of ammonium 
fertilizers to plants induces toxicity. Many possible 
explanations have been advanced about the manifestation 
of this physiological disturbance in plants. However, 
it has been shown that toxicity occurs with the accumula¬ 
tion of high concentrations of ammonium ions in plants. 
The accumulation of ammonium ions occurs from two 
sources, first, the unassimilated fraction and second, the 
fraction derived from degradation of proteins. With 
regard to the former fraction, its presence is an outcome 
of defective metabolic processes. Ammonium ions are 
reported to affect adversely photosynthetic processes and 
respiratory activities (14, 15, 83, 107, 131). Photophos¬ 
phorylation (3, 58, 81) and oxidation of reduced NADP is 
also reported to be inhibited by ammonium (171), thereby 
decreasing photosynthesis which in turn decreases the 
amount of carbon skeletons and incorporation of nitrogen 
in organic compounds of plants. Finally, the protein 
1 
metabolism is adversely affected (73, 156, 193). 
With regard to the second fraction, the ammonium ion might 
increase the proteolysis or degradation of proteins. This 
is possibly done by altering the conformation of proteins, 
since proteolysis is very sensitive to the quaternary 
structure of protein. 
I. Object of the Investigation 
The conformation of polymers like proteins depends on 
various kinds of forces holding the structure together, 
such as hydrogen bonds, ionic bonds, hydrophobic bonds and 
van der Waals forces. The properties of polymers are 
primarily determined by the interaction of their apolar 
and polar subunits with the solvent system (43). The 
interaction of the various active subunits of protein 
with an ammonium solvent system might be distinctly differ¬ 
ent than those of similar monovalent cationic solvent 
systems because of its different physical characteristics 
particularly its solubility and ionic behavior in aqueous 
phase (42-49). This effect might alter the structural 
forces which in turn would change the property of the 
polymer. 
Monovalent cations are considered to impart certain 
configurations onto enzymes to bring about their activation 
and any changes to other conformations similarly would lead 
to inactivation and thus collapse of the normal metabolic 
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processes at a certain phase. The ammonium ion is capable 
of being a donor and acceptor of hydrogen atoms for hydro¬ 
gen bonds (99) . It could hydrogen bond with carboxyl 
groups, free amino groups, and amide groups of the protein 
(9), thus possibly changing its native conformation. Under 
high ammonium concentration any interference by ammonium ion 
of the normal hydrogen bond pattern of the protein or on the 
tertiary and quaternary structure and stability of protein 
(143). Thus, in the event of such an interaction with the 
ammonium ions, a change in the conformation might decrease 
the stability of protein and enhance its degradation. As a 
result, the free ammonium might accumulate at a high level 
in the cell, in turn affecting the normal metabolic processes 
of the organism. 
In view of the above considerations, the main objectives 
of investigation were twofold, as follows: 
(a) to evaluate and ascertain the nature and magnitude 
of physical interaction of ammonium ions with 
proteins and their possible effect on protein 
conformation, and 
(b) to study the effect of ammonium ions on the 
various physiological and biochemical processes 
of plants. 
The potassium ion was also included in this study. 
The choice of this ion was dictated due to its being an 
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important factor in regulating the assimilation of ammonium 
ions in plants. Ammonium toxicity is overcome by the 
presence of potassium ions (103). It is also believed that 
an adequate supply of potassium favors the complete metabolism 
of ammonium nitrogen into protein (12). Moreover, being 
almost of equal ionic radius as that of ammonium, potassium 
might compete with ammonium ions and restore the native 
conformation of protein. 
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CHAPTER II 
REVIEW OF LITERATURE 
Ammonia and ammonium compounds are being used as 
fertilizers in increasing amounts for supplying nitrogen 
to the plants. But continuous and excessive application 
of ammonium fertilizers induces toxicity in the plants. 
Therefore, how ammonium produces toxicity and how various 
physiochemical changes take place during toxicity have 
become a matter of theoretical and practical interest to 
many workers. 
As this investigation aims at making some studies on 
ammonium-protein interactions, and relating the findings 
to the physiochemical changes taking place during toxicity, 
comprehensive review of work done by various workers is 
detailed under the following sections: 
(a) Ammonium toxicity 
(b) Protein-ion interactions 
(1). Ammonium toxicity 
(a) Morphological symptoms of ammonium toxicity 
When a plant is subjected to ammonium toxicity a 
number of symptoms appear. Jackson and Volk (73) observed 
that the progressive toxicity symptoms in beans were a 
darker green color of the foliage, downward curling of the 
leaf edges, arrested leaf expansion, and, subsequently, 
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the appearance of necrotic spots and loss of chlorophyll 
between veins and the stems. Maynard et al. (102) 
observed that distinct lesions appeared on stems follow¬ 
ing ammonium nutrition in tomato. They reported that 
lesions first appeared as slightly elongated depressions 
on the stem and became brown and pitted. The lesions 
developed very quickly after their initial appearance and 
became .so numerous that the entire stem surface was 
covered. In severe cases, the lesions also developed on 
the petioles. Barker et al. (11, 12) also reported about 
the formation of stem lesions in tomato receiving excessive 
amount of ammonium nutrition. Coleman and Richards (32), 
Prianishnikov (129), Tiedjens (164, 165) and Wall (184) 
have reported foliar injury and Uljie (173) extensive root 
injury in various plant species due to excessive ammonium 
nutrition. 
Various workers like Barker et al. (12) , Karim and 
Valamis (76), Bennet et al. (22), Gouny (60), Wallace and 
Ashchroft (185) and Wander and Sites (187) have reported 
that in many higher plants prolonged application of ammonium 
as a source of nitrogen led to serious physiological and 
morphological disorders resulting in chlorosis, restricted 
growth and in extreme cases death of plants. Bogorad (24), 
Carell and Kahn (29) and Wieckowski (194) suggested that th~> 
rapid loss of chlorophyll due to chlorosis might be due to 
the effect of ammonium toxicity on the biosynthesis of 
chlorophyll. 
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Puritch and Barker (131) made a study on the effect 
of ammonium toxicity on the structure and function of 
tomato leaf chloroplasts. They observed that ammonium 
toxicity resulted in morphological modification of tomato 
leaf chloroplasts. Chloroplasts which were normally 
flattened around the protoplast periphery became ellipsoid- 
ally rounded and dispersed through the protoplasm. They 
observed that the first apparent effect of plastid degrada¬ 
tion was development of many vesicles from the fret work. 
Later the grana lamellae swelled, and some disappeared. 
Ammonium accumulation, chlorophyll loss and photosynthetic 
decrease occurred simultaneously. Initial changes in the 
process preceded the detection of modification of fine 
structure; however, each continued with further breakdown 
of the chloroplast. Grogan and Zink (63) have described the 
ammonium fertilizer injury to lettuce and its relation to 
several lettuce diseases. 
(b) Assimilation, root damage and acidity due to 
ammonium toxicity 
Ammonium toxicity is observed to adversely affect 
root growth. Cooke (35) and Court et al. (36) have shown 
that severe damage to roots resulted due to accumulation 
of ammonium ions. Lorenz et al. (89) have shown that 
ammonium was injurious to plants especially when they were 
placed close to the root zone. Jackson and Volk (73) from 
a number of their elaborate experiments observed that with 
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regards to uptake and distribution of ammonium, nitrogen 
was very effectively incorporated into organic constituents 
and even then a large proportion of ammonium was retained 
in the roots, after being converted into proteins. 
When roots of higher plants are nourished from a 
nutrient solution containing ammonium nitrogen, a substan¬ 
tial increase in the acidity of the solution occurs as a 
result .of rapid absorption of ammonium compared to the 
absorption of associated anions. Counteracting acidity 
generated by ammonium nutrition improves growth and delays 
appearance of toxicity symptoms (17). Sheat et al. (148) 
observed that ammonium served as an effective source of 
nitrogen for the growth of excised tomato roots when the 
acidity was maintained in the narrow range of 6.8 to 7.4. 
Many investigators have emphasized the importance of pH 
stabilization with ammonium as a nitrogen source. However, 
the specific action of pH control on ammonium metabolism 
has not been adequately clarified. Barker et al. (16) 
showed with sand culture experiments that the incorpora¬ 
tion of calcium carbonate in the sand proved to be an 
efficient way of maintaining the ambient solution at near 
neutrality. They also showed with bean plants that the 
beneficial effects of acidity control were associated with 
organic nitrogen transformation within the root tissue. 
Turchin (172) used isotopic nitrogen to detect the use of 
mineral nitrogen for synthesis of amino acids by roots of 
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young oat plants. Bollard (25) reported that in the apple 
trees considerable assimilation of inorganic nitrogen 
appeared to take place in the root system, and that nitro¬ 
gen passing to the shoots was largely organic. Barnes (19) 
reported similar findings with pine. Additional evidence 
supporting the active participation of roots in nitrogen 
metabolism have been reported by Cocking and Yemm (31) in 
barley,. Pate (125) in field pea, and Weissman (193) in 
tobacco. 
Barker et al. (7, 16, 17) from their study in bean 
plants observed that the control of acidity by application 
of calcium carbonate resulted in larger ammonium uptake 
and greater incorporation into the amino fraction, amide 
and ethanol insoluble nitrogen by the root tissue. Under 
ammonium toxicity, without calcium carbonate, shoots 
rapidly accumulated free ammonium and amino nitrogen. A 
substantial portion of both fractions came from pre¬ 
existing nitrogen within the plant indicating significant 
protein degradation in roots or shoot of injured plants. 
Maynard and Barker (101)studied the tolerance of plants to 
ammonium nutrition. They reported that bean, sweet corn, 
cucumber and pea plants were susceptible to ammonium 
toxicity. They also reported that control of acidity was 
effective in altering the distribution of ammonium. 
Ammonium accumulation in the shoots was lessened, and 
accumulation of amides in the roots was enhanced. A natural 
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resistance to ammonium by onion plants was observed as it 
did not accumulate ammonium in the leaves. Colgrove and 
Roberts (33) working on the effect of ammonium on azalea, 
concluded that ammonium ion reduced the uptake of other 
cations and thereby reduced plant tissue pH. Develop¬ 
ment of acidity and its effect on roots and in turn on 
plant growth has also been reported by Tiedjens and Robbin 
(165). Wander and Sites (187) working on rough lemon 
seedlings reported that an increase in ammonium nitrogen 
in the nutrient solution resulted in higher ammonium 
absorption and decrease in pH. These two effects seriously 
interfered with absorption of other cations, especially 
calcium and potassium. 
It is reported by various workers that when ammonium 
bicarbonate is present in the soil in high concentrations, 
it is known to adversely affect plant growth and develop¬ 
ment. However, the application of an optimum dose of 
carbonate and bicarbonate has been beneficial to plants. 
Pardo (124) concluded from an intensive summary of informa¬ 
tion that plants capable of tolerating physiological 
acidity utilized ammonium efficiently. For plants not so 
endowed, ammonium utilization was improved by an addition 
of relatively insoluble carbonate as suggested by Filncr 
(53), Shea' et al. (148) and Gouny (60), and bicarbonates 
as suggested by Prianishnikov (129) and Chouteau (30). 
They suggested that enhancing the calcium and incorporation 
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of CC>2 from carbonate and bicarbonate into root tissue, 
permitted a greater source of carbon skeletons for assimila¬ 
tion of ammonia. Wallace et al. (186) reported a toxic 
effect of ammonium bicarbonate in avocado and pointed out 
that the toxicity was a serious problem in soils where 
nitrifying organisms were destroyed. Loo (88) also reported 
toxic effects of ammonium bicarbonate on vetch. Loo (88) 
however, did not observe injurious effect in corn or wheat. 
Goss (59) reported that ammonium bicarbonate toxicity v/as 
associated with the interaction of ammonium, bicarbonate, 
and pH. 
(c) Ammonium toxicity and plant metabolism 
Nightingale (122) suggested that plants subjected 
to ammonium nutrition were able to exist reasonably well 
as long as their free ammonium content was maintained at a 
lower level. This is accomplished through an appropriate 
balance between ammonium uptake and its incorporation into 
organic compounds. Thus, Sideris and his coworkers (149, 
150) suggested that conditions which promote a high carbo¬ 
hydrate supply tend to delay ammonium toxicity. Whether 
the detrimental effect is a direct consequence of toxic 
action of free ammonium or of an amine derivative which 
might accumulate simultaneously has not been resolved. 
Accumulation of free ammonium ions was reported to be 
enhanced both due to the inability of the plant to synthe¬ 
size protein and to protein breakdown. Barker et al . 
(8, 16) showed that high concentrations of soluble nitro- 
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genous compounds accumulating under nitrogen nutrition 
were largely derived from endogenous sources. They also 
suggested that increase in the concentration of free 
ammonium might disrupt various aspects of plant metabolism. 
They also, along with Yemm and Willis (195) noted that in 
plants treated with ammonium, the synthesis of insoluble 
nitrogen compounds within the leaves leveled off and 
essentially showed a small decrease; subsequently, soluble 
nitrogen increased. 
There appears to be an inherent intimate relationship 
between ammonium toxicity and photosynthesis and respira¬ 
tion. Barker and his coworkers (14, 15) observed that 
during ammonium toxicity important respiratory and photo¬ 
synthetic effects were associated with the development of 
toxicity. They observed drastic reductions in CC^ fixation 
and uptake and increases in oxygen consumption. The 
photosynthetic process was also dramatically curtailed 
when the plants were exposed to ammonium nutrition, 
sufficiently long for the accumulation of free ammonium 
ions in leaves. Vine and Wedding (176) observed that the 
accumulation of free ammonium in leaves and shoots might 
be expected to have important inhibitory effect on protein 
synthesis. They reported that undissociated ammonia was 
an effective inhibitor of respiration and that it inhibited 
oxidation of reduced NADP. They speculated that the site 
of ammonium toxicity in the plant was located in the 
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electron transport system, especially the oxidation of 
NADPH to NADP. 
On the other hand, Avron (3) showed that the ammonium 
ions restricted photosynthesis by uncoupling photophos¬ 
phorylation. Krogman and Jagendorf (81) also reported 
that in concentration of 0.6 mM, ammonium ions inhibited 
ATP synthesis by 50 percent. This resulted in a reduction 
of CO2 fixation within chlorophast as shown by Trebst 
et al. (171) and Gibbs and Calo (58). Hind and Whittingham 
(68) reported that high concentrations of ammonia inhibited 
ferricyanide reduction in Hill reaction. Venon and Zaugg 
(175) reported that ammonium toxicity inhibits the 
reduction of NADP. Hinkson and Boyer (69) observed that 
ammonium chloride inhibited photosynthetic phosphorylation 
and inorganic phosphate incorporation by spinach chloro- 
plasts. They observed that percentages of inhibition of 
the two reactions were roughly parallel to each other. 
Syrett (159) and Ward (188) reported that respiratory 
breakdown of carbohydrate was accelerated during rapid 
ammonium assimilation. Matsumoto et al. (100) studying 
the changes in the sugar level in cucumber leaves during 
ammonium toxicity observed that starch levels decreased 
due to toxicity and that starch synthesis from glucose was 
inhibited. Beccari et al. (20) studied the effect of 
ammonium ion on glucose and pyruvate metabolism in Dacus 
carota ceils. They observed that ammonium ions stimulated 
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the incorporation of radioactivity from labeled glucose 
and labeled pyruvate into CO2 and ethyl alcohol insoluble 
residue. They observed a stimulatory effect of ammonium 
on glycolysis. Recently Kanawaza et al. (75) showed that 
ammonium has a specific regulatory effect in glycolysis. 
Addition of very small amount of ammonium to Chlorella 
pyrenoidosa, photosynthesizing under steady state condi¬ 
tions, caused changes in metabolism which were not only 
due to the increased availability of ammonium for reductive 
amination but also to regulation of controlled enzymes. 
Ammonium accelerated the conversion of phosphoenolpyruvate 
to pyruvic acid in vivo. It also increased alanine 
synthesis. They also observed that the increased flow of 
carbon into amino acids was at the expense of sucrose 
synthesis and that the conversion of fructose 1,6-diphosphate 
to fructose 6-phosphate was decreased upon ammonium addition. 
Lehninger (86) reported that ammonium ions were highly 
inhibitory to the Krebis cycle. This inhibition was caused 
by a reversal of oxidative deamination of glutamate, so 
that ketoglutarae was trapped out of the cycle as glutamate. 
Katsunuma et al. (78) observed that ammonia inhibited 
isocitrate dehydrogenase activity in mitochondria and that 
this inhibition depended on the effect on NADP which is a 
cofactor for enzyme reactions. 
(d) Ammonium toxicity and nitrogen metabolism 
Various workers have reported on the effect of 
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ammonium on nitrogen metabolism. Some of the work on 
this aspect of ammonium toxicity have been reviewed in 
earlier sections. However, some specific observations 
on nitrogen metabolism are detailed here. 
Jackson and Volk (73) suggested that as ammonium 
ions entered the roots, they were metabolized rapidly 
and incorporated into amides and certain amino acids. 
This process might be thought of as ammonium detoxifica¬ 
tion, requiring the continual input of carbohydrate and 
thus in effect competing with other carbohydrate requiring 
processes in the cell. Weissman (193) and Street and 
Melhuish (156) were of the opinion that an imbalance in 
amino acid supply which was a characteristic of ammonium 
nutrition probably retarded protein synthesis. Eventually, 
free ammonium began to appear in the tissue as the carbo¬ 
hydrate reserve was exhausted. The appearance of free 
ammonium was apparently stimulated by the development of 
acidity in the root region. This process retarded ammonium 
metabolism in the roots. Margolis (98) from his experiment 
observed that ammonium nutrition was corelated with high 
amide level. 
(e) Ammonium-potassium relationship and protein 
metabolism 
"’here are numerous reports about the beneficial 
effects of application of potassium in eliminating toxicity 
of ammonium. These beneficial effects have been clearly 
shown by Maynard et al. (103) and Barker et al. (12). 
Various workers have postulated close relationship between 
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potassium nutrition and nitrogen metabolism. Several 
concepts have been advanced to explain this association. 
Burrell (28), Hartt (66), Marcus and Feely (97), Nightingale 
(122) and Webster and Varner (192) have suggested that 
protein and peptide synthesis depended on the presence 
of potassium. Richards and Templeman (135) observed 
that during potassium deficiency, proteolysis occurred at 
an abnormally high rate and caused accumulation of amino 
acids and amides. This fact was also reported by Barker 
et al. (16). Eaton (39) reported that amide synthesis 
might be limiting during potassium deficiency. Coleman 
and Richards (32) suggested that toxic compounds might be 
accumulating during potassium deficiency. Hohlt et al. 
(70) studied the ammonium tolerance of some cultivated 
Solanaceae. They observed toxicity in egg plants and 
tomato. Potassium application increased the ammonium 
concentration of tobacco tissue but lowered the same in 
tomato tissue. Diamine concentration was increased by 
the application of ammonium sulfate. Application of 
potassium chloride decreased the putrescine concentration 
of tobacco and increased the cadaverine concentration in 
both tobacco and tomato. They postulated that tolerance 
of tobacco to stem lesions formation was related to 
putrescine utilization in nicotine synthesis. 
Fruton and Simmonds (56) have detailed some important 
roles of potassium in enzyme systems involved in nitrogen 
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metabolism. According to Bandurski (5) and Bandurski and 
Greiner (6) its important function was in activating 
pyruvic kinase. Teel (163) from his studies on nitrogen- 
potassium relationships and biochemical intermediate in 
grass herbage, concluded that the marked accumulation of 
malate and soluble nitrogenous compounds were observed 
under a low potassium regime and protein synthesis increased 
with an optimum potassium regime. Similar observations 
have been reported by Adams and Sheard (1) in alfalfa, 
Barker and Bradfield (10) in corn, Griffith et al. (62) 
and Teel (163) in orchard grass and Macleod and Carson 
(95) in bromegrass. 
Various workers have reported the possible role of 
ammonium and potassium in protein synthesis. Hartt (66), 
Schlessinger (145) and Wall (184) have indicated from 
their studies on the essentiality of potassium in protein 
synthesis. Lubin and Ennis (91) reported that the major 
role of intracellular potassium may be its indispensibility 
for protein synthesis both in cell free poly-U-systems and 
in intact cells. Potassium might be needed for an 
unidentified very early event in the interaction of the 
components of poly-U-systems. They also observed that 
sodium and ammonium also activated protein synthesis 
whereas lithium acted as an inhibitor. Ennis and Lubin 
(41) had also reported that in Escherichia coli cultures 
depleted of potassium, sharp cessation of protein synthesis 
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occurred with continuing ribonucleic acid synthesis. Lubin 
(90) in an earlier report suggested an existence of a 
critical priming reaction in protein synthesis requiring 
optimum magnesium, potassium or ammonium ion concentration 
involving s-RNA and m-RNA. Lamborg and Zameenik (82) had 
shown the dependance of incorporation of amino acid into 
protein, on addition of ATP, an ATP generating system, GTP, 
magnesium and potassium chloride and amino acid mixture 
in an extract of Escherichia coli. Similar observations 
have also been reported by Tissieres et al. (169) , and 
Lucas et al. (92) in Saccharomyces cerevisiae. Conway 
(34) recently observed that ammonium or potassium ions 
were optimum at 0.16 M for phenylalanine synthesis using 
poly-U-primed Escherichia coli ribosomes and phenylalanine- 
s-RNA. He concluded that these ions were required in the 
reaction which involved the binding of aminoacyl-s-RNA to 
the template charged ribosome. Spyrides (153) also tried 
to determine the role of ammonium and potassium in protein 
synthesis. He observed that the specific binding of 
aminoacyl-s-RNA to ribosome required the presence of a 
complimentary template and rather high concentration of 
ammonium salt. Nakamoto and Lipman (119) in their study 
indicated that potassium and ammonium had very similar 
effects on phenylalanine polymerisation on poly-U. Ravel 
et al. (133) in a study of protein synthesis in Escherichia 
coli observed that enzyme transfer of aminoacyl-t-RNA to 
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ribosome and the interaction of GTP-enzyme complex with 
aminoacyl-t-RNA were stimulated by 0.08 M ammonium 
chloride. They observed ammonium or potassium restored 
the peptidyl transferase activity of the ribosome, en¬ 
hanced the binding of phenylalanyl-t-RNA and restored the 
ratio of GTP hydrolyzed to phenylalanyl-t-RNA bound to 
approximately unity. From their results they concluded 
that inactivation of peptidyl transferase by removal of 
ammonium or potassium not only prevented peptide bond 
formation but also decreased the binding of aminoacyl-t- 
RNA at the acceptor site and increased the hydrolysis of 
GTP. Webster (191) has shown the absolute requirement of 
potassium in activation of enzymes which synthesize certain 
peptide bonds. He also reported that potassium enhanced 
the incorporation of amino acids into protein. Although 
the exact mechanism of activation or inhibition of protein 
synthesis is not clearly understood, yet, Monro and 
Vazquez (113) suggested that peptidyl transfer, an important 
phase in protein synthesis could be inhibited by action at 
two or more distinct sites on 50 S subunit of ribosome. 
Nakamoto (119) suggested that there is a rate limiting step 
in the protein synthesis. He was of the opinion that the 
induction period in which the phenylalanyl-s-RNA was bound 
to ribosome might be considered as a rate limiting step. 
If this preliminary step is hindered, protein synthesis 
would be adversely affected. Nakamoto et al. (120) in 
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another study characterized two supernatant fractions 
(A & B) catalyzing polypeptide polymerization from amino- 
acyi-s-RNA in Escherichia coli ribosome system. Fraction 
B showed very little activity by itself, but along with 
Fraction A, very high activity was observed. They observed 
that both fractions together catalyzed synthesis of an 
intermediary that initiated peptide synthesis. Thus any 
beneficial or adverse effect on these fractions by any 
agents would affect protein synthesis accordingly. 
Fessenden and Moldave (52) observed that transfer of amino 
acids from aminoacyl-s-RNA to ribonucleoprotein particles 
in rat liver required the presence of two distinct soluble 
enzyme fractions, Aminoacyl transferase I & II. Neither 
factor was active by itself, but together catalyzed 
aminoacyl transfer to ribosome. They also observed that 
transfer process required glutathion which was met by 
variety of sulfvdryl compounds. Subsequently, Schneir and 
Moldave (146) isolated multiple forms of aminoacyl trans¬ 
ferase I in rat liver and studied its biological activity. 
They observed that incubation of one of the high molecular 
weight forms of transferase I with ammonium chloride led to 
its conversion to a lower molecular weight form, and on 
prolonged incubation to a total loss of activity. Trans¬ 
ferase I had three protein-contain:ng fractions; all 
catalyzed the incorporation of amino acids from aminoacyl-t- 
RKA to ribosome bound polypeptide in presence of transferase 
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II. All three fractions had different molecular weights and 
relative specific activities. 
There have been also some reports about the possible 
role of ammonium and potassium in protein degradation. 
Hendricks (67) suggested that potassium has a function in 
the protection of plant proteins against degradation. The 
potassium ions are pictured as being bound by or otherwise 
associated with the protein molecule. If other cations 
surrounded the protein, the local environment might be 
drastically changed as suggested by Schachman (143) . Since 
ammonium and potassium are similar in ionic radii and in 
other respects (128) , these may proxy for each other in 
isomorphic series. Ammonium would hydrogen bond with 
oxygen containing groups of proteins and alter later's 
structure. Barker (9) has shown that ammonium ions do 
interact with animal proteins. It would be also that the 
best way to counter ammonium action would be to increase 
potassium ions which would maintain the configuration of 
protein molecule. This hypothesis also has been advanced 
by Evans and Sorger (51) and Sorger et al. (152). 
Glutamic dehydrogenase is one of the primary enzymes 
for metabolism of ammonium. The enzyme is most active when 
it is in an aggregated state consisting of several protein 
molecules as suggested by Tompkin et al. (170). Disintegra¬ 
tion of this enzyme causes a loss in its activity. However, 
i 
Schachman (143) has suggested that the degree of association 
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of proteins is influenced by temperature, pH, concentra¬ 
tion as well as presence or absence of coenzymes and 
specific ions. If glutamic dehydrogenase would be adversely 
affected, then ammonium accumulation would be favored. 
Possible formation of toxic compounds with stem lesions 
probably resulted from such disturbances as suggested by 
Coleman and Richards (32). Recently Bernhardt et al. (22) 
reported that 0.01 M ammonia repressed the synthesis of 
NAD-dependant glutamic dehydrogenase in Saccharomyces 
cerevisiae R 59. When the cells were transferred from an 
ammonium-containing medium to a medium with glutamate as 
sole source of nitrogen, synthesis was derepressed and 
proceeded at an increased rate until the cells possessed an 
activity of NAD-dependant glutamic dehydrogenase that was 
typical for the growth on glutamate. 
(f) Ammonium toxicity and nitrate uptake and inhibition 
Various workers have reported about the effect of 
ammonium on nitrate uptake and reduction. El-Shishiny 
(40) with potato tuber, Lycklama (93) with rye grass and 
Minotti et al. (108) with wheat seedling, have shown that 
less nitrate nitrogen was absorbed from the media containing 
both ammonium and nitrate than the one containing nitrate 
nitrogen exclusively. Lycklama (93) postulated that 
ammonium affected nitrate uptake indirectly by inhibiting 
nitrate reductase activity. But in a subsequent study, 
Minotti et al. (109) observed that ammonium and products of 
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ammonium assimilation did not interfere with the induction 
stability and activity of nitrate reductase in wheat 
seedlings. They suggested that the ammonium effect was 
directly on the nitrate uptake process. They also reported 
that the rapid phase of nitrate uptake in wheat seedlings 
was enhanced when both calcium and potassium were present 
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in the solution (110). However, recently Lasoda et al. 
(84) observed that an addition of ammonium to a suspension 
of Chlorella cells growing autotrophically in the light 
with nitrate caused a stricking inactivation of nitrate 
reductase in less than one hour. Neither the NADH^~ 
specific diaphorase which catalyzed the first step of 
reduction of nitrate to nitrite nor nitrite reductase were 
affected by the ammonium treatment. However, all the 
enzymes of the nitrate reducing system v/ere fully repressed 
by ammonium. Syrett and Morris (160) have also shown 
that nitrate assimilation by Chlorella vulgaris was 
completely inhibited by the addition of ammonium and that 
the inhibition v/as relieved as soon as the ammonium was 
assimilated. Subsequently they also showed that the forma¬ 
tion of nitrate reductase in Chlore) la vulgaris war; 
repressed by ammonium. In contrast, ammonium ions were 
found not to be effective as inhibitors of nitrate reduc¬ 
tase synthesis or activi ty by Sch. ader and Hagcman (147). 
(2) . Protein-ion interactions 
In order to investigate the effects of structure 
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and stability of biological macromolecules on the biological 
activities of the organism, interactions of proteins with 
various ions have been of both practical and theoretical 
interest to many investigators. Various reviews have been 
made by many investigators on the theoretical as well as 
practical aspects of protein-ion interactions and binding 
of ions to proteins (54, 79, 121). Ions affect the protein 
structure indirectly by interacting with structurally 
involved water molecules. Ions distort the lattice structure 
characteristics of pure water by competitively reorganizing 
neighboring water molecules into new structure. The 
nature and extent of this reorganization vary greatly from 
one ion to another (55) . Since the average center to 
center separation of ions of 0.01 M univalent electrolyte 
solution is only 44°A (136) , it is clear that even at 
relatively low concentrations of salts essentially every 
water molecule lies within the sphere of influence of at 
least one ion. Thus water protein interactions might be 
modified in presence of various salts. Bull and Breese 
(27) studied the binding of water to egg albumin in 
presence of various salts. They observed the moles of 
water bound per mole of egg albumin in the presence of 
various salts were, respectively, LiCl, 193; NaCl, 211; 
KC1, 360, RbCl, 409; CSCl,493. They also observed that 
NaCNS and CaC^ were preferentially bound by the protein 
and Na2SO^ greatly increased the extent of hydration of 
egg albumin. 
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Unlike other monovalent cations, ammonium is a 
polyatomic monovalent cation whose unit positive charge 
is distributed among its four hydrogen atoms (127) . 
Recently Erlander and his associates (42-49) made a series 
of basic investigations regarding the behavior of ions in 
aqueous phase when present in low as well as in high 
concentrations. Ammonium has a tendency to form chelation 
complexes with its coions, particularly the halide ones, 
thereby affecting its solubility in aqueous phase (42). 
It is also reported to affect the solubility of apolar 
molecules, when present in high concentrations, in the 
aqueous phase (43) . Erlander (43) pointed out that other 
cations also affected the solubility of apolar molecule in 
aqueous phase. The effect was different for different 
cations in terms of magnitude and type, but he suggested 
that potassium ion was very similar to ammonium ion with 
regards to its affinity towards its coions (42) and other 
physical characteristics (128) . 
Ion binding phenomena have been known for some time 
and have been reviewed and studied by many workers. These 
investigations have been reviewed by Rice and Nagasawa 
(134). Important studies have also been made by Scatchard 
and his coworkers (139, 140, 141, 142). Ion binding 
phenomena are the result of interactions of added salt with 
the polyelectrolytes in aqueous solution. Katchalsky et al. 
(77) contended from their evidence that the counter ions 
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associated with polyelectrolytes, formed the "atmosphere" 
or ’’the inner shell" around the polyelectrolyte and were 
not rigidly held but rather were quite deformable and 
responded to external electrical fields. Consequently, 
in the inner shell there would be a continuous exchange 
of counter ions with the surrounding medium. This is in 
contrast to the finding of sore workers, who believed a 
rigid association between polyelectrolyte and the 
associated counter ions. Erlander (45, 46), observed that 
the greater the solubility of the counter ions, the greater 
would be its ability to bind or associate with the 
polyelectrolyte. He had also observed that annoniuni ions 
affect the solubility of amino acids as compared to ether 
monovalent cations (47). 
From the study of the behavior of various polyelectrolytes 
in presence of aqueous salt solution containing different 
cations, Erlander (43) in another review has reported about 
the various reactive groups involved in the formation of 
different bonds which keeps the structure of various 
biopolymers in its native form.. He observed that in bovine 
plasma albumin (EPA) hydrogen bonds between carboxylate 
ions and hydroxyl groups such as those of serine, threonine 
and tyrosine were major contributing forces in the formation 
of apparen’ helix or folded struetr.re between pH 2.0 and 
9.0. Repulsive forces between the positively charged groups 
on BPA strengthened these bonds by preventing the expanded 
26 
form of BPA to collapse. On the other hand, titration of 
•f* 
NH^ on BPA weakened the bonds by allowing BPA to contract 
more readily. 
Leonard et al. (87) observed a structural change in 
BPA between pH 7.5 and 9.0. They indicated that a change 
in the association of the peptide chains of BPA was 
occurring at this pH range. According to them, the change 
might be associated with the unmasking of the hydrophobic 
groups. Consequently, unmasking would release tyrosine 
serine and/or threonine residues by destruction of its 
hydrogen bonds with carboxylate groups. The decrease in 
the degree of helical content might therefore be associated 
with a destruction of a specific type of conformation which 
was stabilized by the tyrosine-carboxylate, serine- 
carboxylate, and threonine-carboxylate bonds. 
Von Hippel and Wong (180) were of the opinion that 
the mechanisms by which the neutral salts altered the 
stability of macromolecular conformations could not be 
unequivocally defined. However, they reported that the 
effects were clearly not electrostatic or charge shielding 
in nature since identical concentrations of salts of the 
same valence type had much different effects. The magnitude 
of stabilization or destabilization showed no correlation 
with the effect of various salts on the activity of water. 
They also observed that the effects were quantitatively 
the same in direction and magnitude for all the macromole- 
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cules considered, indicating that specific chemical or 
conformational properties of the individual macromolecule 
were not critical. According to von Hippel and Wong (179) 
and Hamaguchi and Geiduschek (64) it would be probable 
that the effects of ions on macromolecular conformations 
were a consequence of very general effects of the various 
ions on the structure of solvents, which in turn would 
modify solvent-macromolecule interactions involved in the 
stabilization of native structure. Von Hippel and Schleich 
(18) made an extensive review regarding the ionic effects 
on solution structure of biological macromolecules and have 
suggested that cations and anions were additively effective 
in altering the stability of macromolecules and the cat.ion- 
anion combination appeared to be specific for destabilization. 
Von Hippel and Wong (180) in another study observed the 
effects of added electrolytes on the various aspects of 
thermally induced structural transitions in ribonuclease. 
They observed that neutral salts lowered (or raised) transi¬ 
tion temperature (T ) approximately linearly with increasing 
concentration. The total effect of a given salt on T was 
approximately the algebric sum of the effects of its 
constituent ions and was completely independent of ionic 
charge. 
Foste_ (54) has made an exhaustive review on various 
aspects of plasma albumin and he has discussed the cation 
and anion binding properties of this protein. Klotz (79) 
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ha.s also reviewed different considerations about protein 
interactions. He has discussed in detail the various 
physicochemical phenomena involving binding of solutes 
to proteins in general. Scherega (144) has also made an 
excellent review about the binding of small ions to 
proteins and about the effect of hydrogen bonding on the 
sidechain reactivity of proteins, thereby considering the 
internal structure of proteins. 
CONCLUSIONS: It is observed from the literature that the 
physiochemical effects of ammonium toxicity on plants and 
various symptoms of toxicity have been well established but 
that the exact mechanism of the manifestation of this 
physiological disturbance has not been clearly resolved yet. 
However, various theories have been advanced which might 
cause toxicity. The effect of ammonium of the protein 
synthesis does not seem to be clearly shown in the litera¬ 
ture. It has been established that ammonium adversely 
affects energy metabolism. As the initial step of protein 
synthesis requires energy, it is tempting to speculate that 
ammonium might adversely affect protein synthesis. 
Similar is the case with the studies of protein-ion 
interaction. Although voluminous literature has been 
accumulated regarding the protein-ion interactions and 
binding of ions to proteins, and its effect on structure 
and stability of biological macromolecules, substantial 
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reports of the effect of ammonium on structure and stability 
of biopolymers do not seem to be adequately presented in 
the literature. 
Thus, to further understand the effect of ammonium 
/ 
on the structure of proteins and its effect on protein 
synthesis and other metabolic processes, including its 
breakdown, this basic preliminary investigation was under¬ 
taken. It was anticipated that this study will aid in 
further understanding the mechanism of ammonium toxicity. 
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CHAPTER III 
MATERIALS AND METHODS 
I. MATERIALS 
A. Protein 
To initiate the study of the interactions of NH 
+ 
and proteins and in order to avoid the lengthy, expensive 
and time consuming operations of isolating and purifying 
proteins extracted from biological material, bovine serum 
albumin, crystallized 4X supplied by Nutritional Biochemi¬ 
cals Corporation, Cleveland, Ohio, was used for all the 
biophysical studies undertaken in this investigation. 
The choice of this protein species was also dictated by 
its excellent solubility properties in water and aqueous 
salt solution and also due to its characteristics pi value 
of about 4.7, which is ideal for cation interaction studies 
B. Plant Material 
For making various nutritional and biochemical 
investigations about the effects of ammonium and potassium 
ions, cucumber seedlings, Cucumus sativus, L., cvltivar 
Wisconsin-SMR 18 were used. Seeds used for cultures were 
previously treated with captan fungicide, dieldrin insecti¬ 




These studies were undertaken in order to study 
the effects of interactions of ammonium ions and protein. 
For these studies bovine serum albumin was used. The 
following studies were made: 
1. Infrared Studies 
Solutions of bovine serum albumin were 
prepared to 2.0 mg protein per milliliter of distilled 
water or in solutions of ammonium chloride and potassium 
chloride according to the following concentrations. 
-3 -3 -3 
Ammonium chloride: 10 , 2 x 10 , 5 x 10 
10 2 x 10 ^ and 5 x 10 ^(m) 
Potassium chloride: 1.0 M 
The above concentrations were taken to correspond with the 
approximate concentration of free ammonium found in plants 
(9) during ammonium toxicity and the concentration of potass¬ 
ium required to activate certain enzymes. Approximately 
1.0 ml. of the protein solution was delivered onto Irtran-2 
windows supplied by Barnes Engineering Company, Stamford, 
Connecticut. The liquid was evaporated under vacuum at 
35°C to get rid of the residual water in the protein cast. 
Transmission spectra were recorded from 600 cm ^ to 4000 
cm”'*' for both salt and protein samples. Irtran-2 absorbed 
in the region of 600 cm”"1 to 8 00 cm"1, but was transparent 
for the remainder of the spectrum. Spectra were obtained 
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at room temperature by mounting the windows with the 
dry cast film at right angles to the beam of Perkin Elmer 
dual beam Spectrophotometer, Model 257 under normal mode 
of operation condition. 
2. Ultraviolet Studies 
Solutions of bovine serum albumin were 
prepared to 1.5 mg.per milliliter of distilled water or 
in solutions of ammonium chloride according to the follow¬ 
ing concentrations: 
10“3, 1CT2, 2 x 10~2, 5 x lcT2, lCT1, 1.0, 3.0, 6.0 (M) 
Two ml. of protein solution were taken in 
Beckman quartz 1 cm. cuvettes. Absorption spectra were 
recorded from 135 run to 350 nm using a dual beam Cary 
A14 Spectrometer with a 0.0 to 2.0 absorption slide wire. 
The recorder speed was so adjusted to record in the chart 
as 2.5 divisions corresponding to 1.0 nm. As ammonium 
chloride started absorbing towards 195 nm that region 
would not be studied for conformational changes, although 
absorption at that range was due to the peptide bond. 
Thus observations were focused on the absorption at 278 nm, 
which is due to the absorption of aromatic residues of 
protein. 
3. Fluorescence Studies 
Proteins have distinct properties of 
fluorescence. This is due to the presence of aromatic 
residues in the protein. When the aromatic residues 
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absorb ultraviolet radiation, their electrons are excited 
and they go to higher energy levels. When these electrons 
come back to their ground level, the excess energy is 
dissipated as fluorescence, which have longer wavelengths 
than the excitation energy. As fluorescence spectra are 
very sensitive to conformational alterations, fluorescence 
studies were undertaken in the ultraviolet range. 
Two ml. of protein solution were taken in 
special quartz cuvettes. Fluorescence spectra were 
recorded from 185 nm to 350 nrn. The samples were excited 
at 278 nm, and the fluorescence was recorded at 345, using 
a Aminco-Bowman Spectrophotofluorometer. The operational 
conditions are given in Table I. 
TABLE 1 
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(10~3, 10"2, 10”1, 1.0, 3.0 M) 









4. Circular Dichroism Studies 
In the recent decade, use of circular 
dichroism has become a decided improvement over the use of 
optical rotatory dispersion for the evaluation of protein 
conformation. As the purpose of this investigation was 
to obtain conformational changes in the protein struc¬ 
ture as a result of interaction with ions, circular 
dichroism spectra of bovine serum albumin solutions were 
recorded using a Cary 60 recording Spectropolarimeter with 
a Model 6001 circular dichroism attachment set for half 
band width of 10?. The circular dichroism spectra 
were obtained in the ultraviolet region from 190 nm to 
240 nm. The 208 to 240 nm region was chosen for special 
study, as the circular dichroism spectra of bovine serum 
albumin structure emperically seemed less sensitive to 
new chromophoric side chain variation and solvent than 
the region below 208 nm. 
The operational conditions for obtaining 
ultraviolet circular dichroism spectra are given in 
Table 2. 
TABLE 2 
OPERATIONAL CONDITIONS FOR OBTAINING ULTRAVIOLET 
CIRCULAR DICHROISM SPECTRA 
Sample: Bovine Serum Albumin 
Concentration: 0.00004 gram per milliliter 
Solvent: (i) Distilled water 
(ii) Aqueous and buffered (pH 6.8) 
solutions of ammonium chloride 
10~3, 10-2, 10"1, 1.0 and 3.0 M 
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TABLE 2 - Continued 
(iii) Aqueous and buffered (pH 6.8) 
solution of potassium. 
chloride 2 x 10 ^ M > M 
(iv) Combination of 2 x 10 M ^ 1-0 h . 
potassium chloride with all 
the above mentioned concen¬ 
trations of ammonium chloride 
Average Molecular 





C.D. D-ynode Voltage: 








(i) Inherent pH of the solution, 
(ii) Another set with Po^ - buffer 
solution of pH-6.8. 
0.50 cm. 
1 






1.0 nm per division 
The Mean residue ellipticity, [0], values expressed 
in degree - cm per decimole at each wavelength were 
calculated using the following equation. 
[e] M 0 
10 X c x 1 
where, M = mean residual weight (average weight of 
all amino acids in the proteins = 115) 
C = concentration of protein in g/ml. 
1 = path length in cm. 
0 = ellipticity 
and 0 = [F.R. x (Ag - A^) ] 
where, F. R. = Full range 
A = Absorbance value of the sample 
b 
A = Absorbance value of the base line 
(Solvent) 
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The absorbance values for the sample and the solvent 
were taken from the chart and fed to a computer which was 
programmed to yield directly the values of mean residue 
ellipticity for reach wavelength. Each value was plotted 
on graph paper to yield the desired circular dichroism 
spectrum. The details of the program are given in 
Appendix I. 
As the curves showed the presence of all the three 
types of structures, i.e., ©C- helix, j£- pleated sheet 
and random coil, percentage helical structure was cal¬ 
culated by taking mean residue ellipticity value at 208 
nm, as per Greenfield and Fasman (61), as follows: 
% °(- helix = 
^208nm- 4000 
33,000 - 4000 
x 100 
In addition to calculating the percentage °C- helix 
content by the above equation, the mean residue ellipti¬ 
city values for certain specific wavelengths given by 
Greenfield and Fasman (61), were fed to another program 
which generated theoretical curves and the best fitting 
values of % ©C - helix, % - pleated sheet and % random 
coil for the experimental curves were recorded. This 
yielded valuable information about the relative altera¬ 
tions in three different conformations of the protein. 
The details of the program are given in Appendix II. 
As the protein contained some moisture, the concentra¬ 
tion of protein was always calculated according to the 
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absorption at 278 nm. 
Five sets of circular dichroism spectra were obtained 
and the average of the value with standard deviation are 
shown. In one set of the experiment, the pH was not 
adjusted, and the spectra were obtained. As there had 
been report about the distortion of circular dichroism 
spectra due to variation of pH as per Urray, Hinners and 
Masotti (174) , circular dichroism spectra were obtained by 
adjusting pH of all the protein solutions to 6.8 by POlf—buffer 
in order to observe any specific pH effect. 
5. Equilibrium Dialysis Studies 
In order to study the interaction of an ion 
with protein, it is essential to determine whether and to 
what extent the ion is bound to the protein. Thus, in 
order to study the amount of anmonium ion bound to bovine 
serum albumin, equilibrium dialysis studies were carried 
out. The details of the procedure are given below. 
Solutions of 1% and 2% (wT/v) bovine serum 
albumin were prepared with distilled water and in aqueous 
-2 -1 
solutions of 10 M and 10 M ammonium chloride. Dialysis 
was also carried out in phosphate buffer solution (pH 6.8) 
to stabilize the pH of the medium and to stabilize the pH 
effect on binding. 25 ml. portion of the protein solution 
were taken in a 3 cm. x 6 cm. dia-uyzable cellophane mem¬ 
brane previously soaked in water. Both ends of the tube 
were closed by threads. The dialysis bag (looking like a 
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sausage) was immersed in 975 ml. of distilled water taken 
in a one liter measuring cylinder. The solution in the 
cylinder was continuously agitated by a magnetic stirrer. 
The top of the cylinder was closed by a piece of parafilm 
"M" to avoid evaporation. This experiment was conducted 
o o o 
at 4 C, 25 C and 40C to observe the effect of temperature 
on dialysis. Samples of 5 ml. were taken every 2 to 4 
hours up to 24 hours from the external solution, and its 
nitrogen content was determined by distilling ammonia by 
methods suggested by Barker and Volk (13). Ammonia was 
titrated with standard potassium biodate according to the 
procedure described by McKenzie and Wallace (106), to 
determine equilibrium condition. After complete equili¬ 
brium was reached between external and internal solutions 
the dialysis bag was taken out from the cylinder and 
nitrogen was estimated in 5 ml. portions of both internal 
and external solutions. The difference between the two 
values showed the amount of ammonia bound to the protein. 
The results were expressed as moles of ammonium bound per 
mole of bovine serum albumin. A blank was always run to 
correct any ammonia released from proteins during vacuum 
distillation. 
The dialysis was also conducted in PO^- buffer 
medium (pH 6.8) to observe any effect of pH on binding of 
ammonia by protein. As the salt concentration was fairly 
high, no correction was made for Donanan equilibrium. 
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Eight sets of experiments were conducted, and the average 
of the values is presented with standard deviation. 
B. Biochemical and Plant Culture Studies 
1. Preparation of plant material 
The cucumber seeds were planted in vermiculite 
in flats, whose base was kept damp, and the whole medium 
was soaked in water. It was kept in an incubator at 
ambient temperature (28°C) in complete darkness. The seeds 
were allowed to germinate and grow for 6 days and were 
ready for the different nutrient treatments. 
2. Cultural procedure 
Exactly 4 grams of cotyledons of uniform 
growth, excised with 5 mm of hypocotyl were transferred 
into 500 ml. Erlenmeyer flask containing 200 ml. of 
nutrient solution. The flasks were subjected to light 
of 500 f.c. constant temperature of 28°C + 1.5°C in the 
incubator. The samples were aerated with a flow of 
compressed air through capillary tubes. They were 
allowed to grow under such conditions for 48 hours. 
These matured cotyledons were then used for making 
different investigations. 
3. Treatment Conditions and Nutrient Solutions 
In order to study the effects of ammonium 
and potassium individually and in combination on differ¬ 
ent biochemical processes, the following treatment 
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SCHEMATICS OF BIOCHEMICAL INVESTIGATIONS 
Cucumber Seeds 
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10 3, 10 2, 2 x 10 2, 5 x 10" 2 t io -1 (M) 
io“3, 10~2, 2 x 10-2, 5 x 10" 
2 
t 10"1 (M) 
The above concentrations of 
each of the salts 
combined. 
Each set of the experiment consisted of ammonium chloride and 
potassium chloride treatments individually and in combination 
at each concentration along with a control treatment and each 
treatment was replicated twice. The incubation under differ¬ 
ent nutrient conditions was done under aseptic conditions by 
adding streptomycin at the rate of 20 ^ig./ml. of solution. 
4. Estimations 
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(a) Increase in growth 
The growth of the cotyledons were deter¬ 
mined by increase in fresh weight. Nutrient solution was 
decanted from the flask; excess water was blotted from 
the surface of cotyledons; and fresh weight was taken. 
The results were expressed as increase in weight per 
gram of cotyledon. Record was also kept about the number 
of cotyledons weighing 1 gram. 
(b) Chlorophyll 
One g. sample of the cotyledon was taken 
and chlorophyll was extracted by grinding in 19 ml. 
portion of 80% (v/v) acetone 1^0 in a Virtis 45 homogenizer 
for 5 minutes. The chlorophyll extract was filtered 
through Whatman No. 1 filter paper into 25 ml. volumetric 
flasks. All samples were run in Beckman DU-2 Spectrophoto¬ 
meter against the blank containing 80% acetone. The 
optical density was measured according to Arnon1s method 
(2) at 652 nm wavelength and then the following equation 
was used to calculate total chlorophyll concentration. 
OD 
mg. chlorophyll/g. fresh wt. = 
652 25 ml. 
34.5 x Fresh Weight 
where 34.5 is the absorption coefficient in acetone. 
Total chlorophyll content was also 
estimated by determining individually chlorophyll a at 
645 nm and chlorophyll b at 663 nm and using the following 
equation as per Mackinney (94). 
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(0.02020D,,c + 0.008020DCCO).25 
, . , / ^ 645 663 
Chi. a & b/g. fresh wt. = - 
fresh weight 
These two methods yielded different values and 
as reported by Mioduchowska (107), the difference was 
almost constant as expressed by the following equation. 
Chlorophy.a b (OP652)_ = ^ 1.0 
Chi. a & chi. b (°D645,663) 
The results in this investigation are determined 
according to OD value at 652 nm to observe the relative 
effect of different treatment on chlorophyll synthesis 
and the values are expressed as milligrams of chlorophyll 
per gram fresh weight of cotyledon. 
(c) Total Insoluble Nitrogen 
(i) Preparation of sample 
One g. fresh cotyledon was ground in 70% 
(v/v) ethanol H20 in a Virtis 45 Homogenizer for 5 
minutes at medium speed. The homogenates were centri¬ 
fuged for 10 minutes at 10,000 R.P.M. and the supernatant 
liquid was decanted. The residue was washed again with 
70% ethanol and was transferred to 30 ml. Kjeldahl flask. 
The residue was allowed to dry completely in a hot air 
oven at 70°C for 2 days and nitrogen was determined as 
per Stubblefield and DeTurk (157). The details of the 




After drying the following 
chemicals were used for digestion. 
1.2 g K2H P04 
0.6 g Fe2(S04)3 
0.07 g Hg 0 
4 ml. of Cone HoS0. 
2 4 
The samples were digested at low temperature until white 
fumes appeared. Then the temperature was increased and 
digestion was continued until the fumes disappeared and 
the solution became canary yellow in color. 
(2) Distillation 
Cool samples were diluted with 
10 ml. of distilled water. The distillation was 
conducted in the presence of 15 ml. of 40% sodium 
hydroxide which was slowly added to the diluted digested 
material in the Kjeldahl flask. The samples were distilled 
for 10 minutes, and the distillate was collected in 10 ml. 
fraction of 2% boric acid mixed v/ith 6 drops of mixed 
indicator containing the following dyes. 
0.188 g. methyl red 
0.124 g. methylene blue 
The above quantities were made 
to 150 m.i , with 95% ethanol. 
(3) Titration 
The distillate collected in boric 
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acid solution was titrated against N/70 potassium bioiodate 
solution until violet color end point. Each milliliter of 
potassium bioiodate consumed was equivalent to 0.1 percent 
nitrogen. The results were expressed as milligram of 
total insoluble nitrogen per one gram fresh weight. 
(d) Moisture Content of Cotyledons Stored at Low 
Temperature 
In order to observe the effect of different 
treatments on the cell membrane, the matured cotyledons 
grown in different nutrient solutions were allowed to be 
stored at 5°C for 8 days. A portion of them were taken 
and were placed in a hot air oven at °C for 2 days and 
the moisture content was determined. The results were 
expressed on percentage of moisture basis. 
14 
(e) Absorption and Incorporation of C -L-leucine 
by Cotyledons 
In order to evaluate the effects of the 
various treatments on protein synthesis, an experiment 
was carried out to study the extent and magnitude of 
14 
absorption of C -leucine by the cotyledons and the 
extent of incorporation of C^-leucine into protein in 
the presence of various nutrient solutions. The method 
described by Paterson and Greenberg (126) was followed 
with slight modification. The details of the procedure 
are given below. 
(i) Incubation Mixture 
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Every 10 ml. of the solution 
contained: 
(a) 5 ml: U-C^-leucine 50 m/ig/ml. 
(b) 5 ml: Phosphate buffer (pH 6.0) 
with 
Streptomycin: 2QAgram/ml. 
Sucrose: 1% (W/V) 
Tween: 2% (one drop) 
(c) Activity: 35,000 cpm/2 ml. 
14 
C -leucine supplied by 
Amersham/Searle 
Arlington Heights, Ill. 
(ii) Procedure 
(1) One g. fresh weight of the 
matured cotyledon was taken in 8 ml. polyethylene hollow 
stoppers. To them 2 ml. of the incubating solution 
having 35,000 counts per minute with required concentra¬ 
tion of nutrient solution were added and the contents 
were incubated for 2 hours under the same light, tempera¬ 
ture and humidity conditions. 
(2) The cotyledons were taken out 
and washed six times with ince cold leucine solution 
(20 m/lg/ml. ) . 
(3) The cotyledons were ground 
with 8.5 ml. of 0.01 M mercuric chloride in a mortar and 
pestle to stop all metabolic activities. 
(4) 0.5 ml. of the suspension 
was taken in an aluminum planchet and dried and counted 
in a Geiger Muller Counter. The count was multiplied 
s 
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17 times to give the value for total absorption by 1. g 
of sample. 
(5) To the rest 8 ml., 2 ml. of 
50% trichloroacetic acid (TCA) was added to precipitate 
the protein. The suspension was centrifuged. The 
supernatant was discarded and the residue was kept. 
(6) The protein precipitate along 
with other plant residue was washed 3 times with 10 ml. 
portions of 1.0 M sodium hydroxide to dissolve proteins. 
The washings were pooled together and to it sufficient 
50% TCA was added to reprecipitate the protein and 
centrifuged. The supernatant was discarded. 
(7) The precipitate was suspended 
in 4 ml. of 10% TCA and centrifuged. The supernatant 
was thrown away. 
(8) The protein was redissolved in 
10 ml. portions of 5% TCA for four times. During the 
second time of washing, the suspension was heated at 90°C 
for 15 minutes to dissolve nucleic acids. The washings 
were discarded. 
(9) Again the protein was washed 
with 8 ml. of 95% ethanol and washing was discarded. 
(10) To the protein 8 ml. of 
ethanol ether (3:1 V/V) was added and heated at 60°C. 
This operation was carried out for 3 times. At the last 
time 10 ml. of ether was added and centrifuged. The 
48 
supernatant was discarded and the pure protein was isolated. 
(11) The protein was transferred to 
an aluminum planchet and dried at low temperature on a 
hot plate. The amount of protein was weighed and activity 
was counted in a Nuclear Chicago Geiger Counter with a 
decade scaler attachment. 
The results for total absorption of leucine was 
expressed as: 
(a) Absorption as percentage of total activity 
(b) Absorption as cpm/mg. Insoluble Nitrogen 
Also, incorporation of C^-leucine was expressed as: 
(a) Incorporation as percentage absorption 
(b) Incorporation as cpm/mg. Insoluble Nitrogen 
This experiment was also carried out with 0.5 gram 
sample and also in 25 ml. test tubes to observe any 
difference in the effect due to variation in experimental 
conditions. 
Four sets of experiments were conducted and the 




The results obtained from various experiments under¬ 
taken in this investigation are detailed in the following 
sections. 
1. Physical 
(a) Infrared Studies 
The infrared spectra of the solid films of 
bovine serum albumin and ammonium chloride (0.020 M) are 
shown in Figure 1. 
Figure 1 (b) is the spectrum of 0.020M ammonium 
chloride. The band assignments in this spectrum are those 
of Lawson (85) and Wagner and Horning (183). The ammonium 
is a tetrahedral, square-planar,five-atom molecule of the XY^ 
type having a T^ point group.lt has four normal modes of 
vibrations (118) as shown below. 
All four vibrations are Raman acti/e, whereas only v^ and 
v^ are infrared active. The high frequency band at 3130 cm 
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The low frequency band at 1400 cm ^ is due to the triply 
degenerate bending mode (v^). The first overtone band of 
is observed as a shoulder at 2810 cm . The additional 
band at 3030 cm ^ is also due to the N~H stretching mode 
(v-^) . Although this vibrational mode is infrared inactive 
in XY^ type molecule, it is possibly active in XY^Z 
type molecule like NH^Cl. In the solid phase ammonium 
chloride does not dissociate into its component ions, and 
the presence of the chlorine atom possibly has affected the 
vibration of the N-H bonds (v^) to bring about a change in 
dipole moment. Thus, the high frequently band at 3030 
cm ^ is observed. 
Figure 1 (a) shows the spectrum of bovine serum 
albumin (solid film) from 800 cm ^ to 4000 cm ^. The band 
assignment are those suggested by Miyazawa (111). The 
spectrum shows four absorption bands out of which three 
bands are quite strong. All the bands arise from the CONH 
group. Although the proteins are very large molecules and 
contain numerous atoms, their infrared absorption spectra 
are quite similar to each other and also simple. The 
strong broad band at 3280 cm ^ (amide A) and the weak band 
at 2940 cm ^ (amide B) are due to the Fermi resonance between 
the fundamental N-H stretching vibration and the first 
overtone cf the amide II vibration rt 1539 cm ^. The strorg 
band at 1650 cm ^ (amide I) is due to the C=0 stretching 
mode. The amide II band at 1539 cm ^ is due to the 
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hybridization of the N-H bending at the C~N stretching modes. 
As the window absorbed around 700 cm ^, the amide bands 
(IV, V, VI) observed in the 800 cm ^ to 500 cm ^ were not 
observed in the spectrum. A shift of the N-H stretching 
frequency from 3500 cm ^ to 3280 cm ^ (amide A) shows that 
the N-H group is hydrogen-bonded to the C=0 group in the 
peptide linkage (N-H...O=C) (111). The strong and sharp 
absorption band at 1650 cm ^ (amide I) shows that there is 
a considerable amount of^-helical conformation in bovine 
serum albumin (112). The strong and sharp band at 1540 cm ^ 
is also characteristic of ^-helical conformation. 
The infrared absorption spectrum of bovine serum 
albumin in association with ammonium chloride (0.025 M) is 
shown in Figure 1 (c). In this spectrum the amide A band 
at 3280 cm ^ is observed as a deep shoulder,and the band at 
2940 cm ^ is distorted and hidden due to the sharp N-H 
stretching mode of ammonium chloride at 3130 cm ^ and 
3030 cm . No changes in the lower frequency bands of 
either the serum albumin or of the ammonium chloride are 
observed due to the association of the protein with the 
salt. The amide I band at 1650 cm ^ and amide II band at 
1540 cm ^ of the protein are well separated from the N-H 
bending mode of ammonium chloride at 1400 cm ^. 
Figure 2 shows the infrared absorption spectra of 
bovine serum albumin in association with various concentra¬ 
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fundamental frequency region only are shown in Figure 3. 
The fundamental frequency region in the spectra 
appears to have been affected due to the presence of ammon¬ 
ium chloride. The N-H stretching mode at 3280 cm ^ seems 
to be affected due to the presence of ammonium chloride. 
Lower concentrations of ammonium chloride do not seem to 
have affected this stretching mode. However, at higher 
concentrations, pertubation of this band was observed. 
There appears to be a little shift in this amide A band at 
3280 cm ^ to a lower frequency, at higher concentrations 
of ammonium chloride. This band appeared as a shoulder up 
to 0.05 M concentration of the salt and completely disappear 
ed at still higher concentrations of the salt. A broad 
shoulder at 3490 cm ^ was observed in the spectra of the 
protein at higher salt concentrations. This band at 3490 
cm ^ might have been due to the N-H stretching mode of free 
NH^ group or O-H stretching mode. The C=0 stretching mode 
at 1650 (amide I) and the N-H bending and C-N stretching 
hybridized band at 1540 cm ^ (amide II) do not seem to have 
been affected by interaction of ammonium chloride with the 
bovine serum albumin. These bands remained distinctly sharp 
However, a broad shoulder at 1750 cm ^ was observed to 
appear with increasing concentration of the salt. 
The N-H stretching bands of ammonium chloride at 
3130 cm ^ and 3030 cm ^, a doublet centered at 3080 cm \ 



















FIGURE 3. Fundamental stretching region of 
the infrared spectra of films of 
bovine serum albumin cast from (A) 
distilled water, (E) 0.01 A NK^Cl, 
(C) 0.015 M Ni: Cl, (U) 0.017 U1 
Kli.Cl, (E) 0.02 M NH^Cl, (F) 0.05 M 
NH7C1, (G) 0.01 MNH/Cl, (H) 0.2 M 
UK?Cl. • ^ 
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protein-salt interaction. However, at very high concentra¬ 
tions (0.1 M and 0.2 M), these bands were perturbed a 
little and shifted slightly towards the lower frequency. 
The deformation band at 1400 cm 1 appeared to be broadened 
with increasing concentration of the salt. The shoulder 
portion of this band became stronger at higher concentra¬ 
tion of the salt. 
Figure 4 shows the spectra of the bovine serum albumin 
associated with 1.0 M potassium chloride and 0.05 M ammonium 
chloride separately and combined together. The spectrum 
of the serum albumin (Figure 4a) was not affected by the 
presence of potassium chloride in its environment; whereas, 
ammonium chloride affected the spectrum, particularly the 
N-H stretching band at 3280 cm ^, which was perturbed and 
almost disappeared (Figure 4B). The presence of potassium 
chloride in sufficient amount seemed to have restored the 
band, as seen from Figure 4 (c). The shoulder at 3280 cm ^ 
which almost disappeared from the spectrum, reappeared, 
when a sufficient quantity of potassium chloride was present 
in the protein environment. The effect of potassium was 
not observed in any other bands of the serum albumin or 
of the ammonium chloride. 
It was interesting to note that the spectra of the 
protein samples dried under vacuum at 40°C were resolved 
well, whereas samples dried inside the room at room 
temperature failed to resolve well. This was confirmed by 



































(b) Ultraviolet Studies 
Conformation studies of polypeptides and proteins 
in solution are important since proteins, in vivo, are 
found in aqueous media. Proteins absorb ultraviolet 
radiation in 2 wavelength regions. The aromatic residues, 
such as phenylalanine, tyrosine and tryptophan absorb 
around 280 nm., and the peptide bonds absorb around the 197 
nm. region. Absorption of ultraviolet radiation in these 
two regions is very much sensitive to macro changes in the 
protein conformation. 
Figure 5 shows the ultraviolet absorption spectra in 
the region of 280 nm. of bovine serum albumin dissolved in 
various concentrations of ammonium chloride. The absorption 
maxima of serum albumin in this region appeared to be at 
278 nm. The presence of various concentrations of ammonium 
chloride did not seem to affect the absorption maxima 
in terms of shifting to the lower wavelength, thus showing 
that a drastic conformation change probably did not occur 
due to the association of the protein with different con¬ 
centrations of ammonium chloride. However, there appeared 
to be a little decrease in the intensity of absorption 
maxima at higher concentration of the electrolyte. The 
decrease in the intensity of the absorption maxima, 
though not proportional to the concentration of the electro¬ 
lyte, was observed to be highest at 1.0 M concentration. The 













WAVE LENGTH, nm. 
FIGURE.5. Ultraviolet absorption spectra of bovine 
serum albumin dissolved in (a) distilled 
water, (u) 0.01 II KH,C1, (c) 0.1 M 













FIGURE 6. Ultraviolet absorption of bovine scrum 
albumin dissolved in (a) distilled x/ater, 
(b) 0.01 M till. Cl, (c) 0.05 M NIL Cl, (d) 
0.1 M NH Cl, (e) 1.0 K NH Cl, (f) 3.0 M 
' Nli Cl, (g) 6-0 M NH4C1. 
61 • 
to have any further effect on the absorption of the aromatic 
residues of the serum albumin. A slight decrease in the 
intensity of absorption maxima without any detectable shift 
in the wavelength might have been due to some complex 
thermodynamic effects resulting in changes in the environment 
of the chromophores. 
The absorption spectra of bovine serum albumin in the 
presence of various concentrations of ammonium chloride in 
the 195 nm. region are shown in Figure 6. From the figure, 
it is observed that the absorption maxima in this region 
was at 195 nm. There appears to be a continuous decrease 
in the intensity of the maxima associated with its shifting 
towards higher wavelength with the increase in the concentra¬ 
tion of the salt solution, suggesting a drastic conformational 
alteration of the protein molecule. But the spectra at the 
higher wavelength region did not show such a drastic effect, 
which was also confirmed from other physical measurements 
subsequently. Moreover, the presence of ammonium chloride 
seemed to interfere with the absorption of ultraviolet 
radiation by the protein at the lower wavelength region. 
Thus, the interpretation of the observed spectral changes 
at the lower wavelength region could not be satisfactorily 
carried out. 
(c) Fluorescence Studies 
Proteins possess native fluorescence. In most 
instances this is due to the presence of aromatic amino acid 
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residues, tyrosine and tryptophan. Since the observation 
of fluorescence of proteins is based on a delicate balance 
of interacting forces, it is extremely sensitive to changes 
in the local environment of the aromatic amino acid 
residues. 
The fluorescence spectra of bovine serum dissolved 
in distilled water and in various concentrations of ammonium 
chloride are shown in Figure 7. The protein was excited 
at 278 nm., and the emmission region was observed around the 
350 nm. region. The fluorescence maximum was observed to 
be at 345 nm., which is the characteristic wavelength for 
tryptophan fluorescence. The secondary apparent broad 
fluorescence peak at about 700 nm. region appears to be a 
first order diffraction of the grating system of the 
spectrometer, as it is observed at twice the wavelength 
of the actual fluorescence at 345 nm. 
Various concentrations of ammonium chloride do not 
seem to have drastically affected the relative intensity 
of the fluorescence peak. However, there was a slight 
decrease in the relative intensity of the fluorescence at 
higher concentrations of ammonium chloride. But the 
decreases did not seem to be progressive with the increasing 
concentration of the electrolyte. At low ammonium chloride 
treatments, the changes appeared to be negligible. The 
maximum effect was observed at 1.0 M concentration treatment, 
































































































shifted a little towards higher wavelengths along with 
the decrease in its relative intensity. However the 
variations' in the relative intensity of the fluorescence 
peak, due to different treatment conditions, did not show 
a major change in the serum albumin structure. 
(d) Ultraviolet Circular Dichroism Studies 
The ultraviolet circular dichroism curve of 
bovine serum albumin dissolved in distilled water is 
shown in Figure 8. The protein has one positive ellipti- 
city band at 191 nm. and two negative ellipticity bands, 
one at 208 nm. and the other at 221 nm. The negative 
ellipticity band at 208 nm. has a higher value than that 
at 221 nm. A comparison of the ellipticity curve with 
those of the computed curves shows that the bovine serum 
albumin contains mixtures of -helix, -pleated sheet 
and random coil structures, and the major fraction of the 
tertiary structure is helical in character (61). 
The effects of various concentrations of the ammonium 
chloride on the ellipticity curves of the serum albumin 
are shown in Figure 9 and Figure 10. Figure 9 shows the 
ellipticity curves as affected by unbuffered salt solutions, 
and Figure 10 shows the curves with the buffered salt 
solution (pH 6.8, phosphate buffer). As the noise level 
of the spectropolarimeter recorder was very high below 
200 nm. with the presence of ammonium chloride, no 















































FIGURE-. 8. Ultraviolet circular dichroism spectrum 

















































bovine serum albumin dissolved-in (a) 
• distilled water, (b) 0.01 M Nil, Cl, (c) 0.1 

















































FIGURE 10. Ultraviolet circular dichroism spectra of 
bovine serum albumin dissolved in (a) 
buffer and buffer solutions of (b) 0.01 M 
NKaC1, (c) 0.1 HHH.Cl, (d) 1.0 M IIH Cl. 
PcAf buffer solution (pH 6.3). 
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recorded beyond this wavelength. Thus the ellipticity 
curves are shown in the 200 nm. and 240 nm. regions which 
are sensitive to the conformational changes (61). In case 
of unbuffered salt solutions, the band maxima at 208 nm. 
and 221 nm. were not well resolved. The bands were quite 
broad in those regions. But in the case of the buffered 
salt solutions, as seen from the Figure 10, the bands were 
well resolved, and the ellipticity values were little higher 
than those of the unbuffered solutions. However, the 
trend of effect of the various concentrations of ammonium 
chloride appeared to be the same in both the cases. 
The ellipticity curve of the serum albumin appears to 
have been affected by the ammonium chloride treatment. 
The curve was shifted to lower negative ellipticity values 
with increasing concentration of ammonium chloride, thus 
showing a decrease in the helical content of the protein. 
The magnitude of shift of the curve to lower values was of 
very low magnitude, thus ruling out any macro change in 
the protein structure. However, the negative ellipticity 
values have been decreased with the increasing concentration 
of ammonium chloride up to 1.0 M concentration. Further 
increasing of the concentration to 3.0 M has shown higher 
values as compared to that of 1.0 M concentration. In 
addition, is the ellipticity curve for the 0.05 M treatment 
was very close to that of 0.1 M treatment, the curve 
corresponding to the former treatment is not shown in the 
figure. 
69 
The helical contents of bovine•serum albumin as 
affected by various treatment conditions are given in 
Table 3. The percentage helix was calculated by the 
equation given by Greenfield and Fasman (61), the table 
also shows the theoretical curve fitting values of the 
different structural forms of the serum albumin. 
TABLE 3 
EXPERIMENTAL AND THEORETICAL VALUE OF % HELIX OF 
BOVINE SERUM ALBUMIN AS AFFECTED BY 
VARIOUS TREATMENT CONDITIONS 
Treatment 
(M) 
% Helix —^ 
(Experimental) 






Control 68.13 + 1.07 69.0 10.0 21.0 
10~2 61.94 + 1.62 61.0 11.0 28.0 
5 x 10~2 61.03 + 1.03 57.0 16.0 27.0 
io"1 60.39 + 1.14 60.0 12.0 28.0 
1.0 58.03+ 3.23 56.0 14.0 30.0 
3.0 61.03 + 1.88 60*0 8.0 32.0 
a/ Calculated by equation given by Greenfield and Fasman 
(61), using ellipticity value at 208 nm. 
The %<'✓£ -helix of bovine serum albumin calculated 
from the ellipticity value at 208 nm. appears to be a 
little higher than that obtained from x-ray crystallogra¬ 
phic analysis (54i. It should be noted that estimation of 
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the ^-helix content using ellipticity values is an emperi- 
cal one and is not as accurate as that obtained from x-ray 
analysis. Nevertheless, it gives an average idea about 
the relative concentration of the ^-helix in the protein 
structure. However, as this investigation is aimed at 
observing the relative effects of different concentrations 
of ammonium chloride on the protein structure as compared 
to that of the control, the obtaining of higher values 
possibly do not affect the experimental results. 
There do not appear to be any significant differences 
among the various concentrations of ammonium chloride in 
decreasing the helical content of the serum albumin, as 
calculated from the ellipticity values at 208 nm. But the 
change in the shape of the curves at different concentra¬ 
tions shows a possible partial structural rearrangement of 
the protein. However, as the values for the percent 
helical content for different treatment conditions lay 
below the value for the control treatment, it appears that 
the association of ammonium chloride with the serum albumin 
decreased its helical content to a fixed extent irrespective 
of the concentration differences. The decreased values 
lie between 8 to 10%. 
Table 3 also shows the amounts of different forms of 
the structure of the protein obtained by fitting the 
experimental ellipticity values to the theoretical curves. 
Although these values are purely theoretical, these render 
71 
a rough idea about the possible proportion of various 
forms of the serum albumin as affected by the presence of 
various concentrations of ammonium chloride. The theoreti¬ 
cal values for the % c^-helix were almost similar as 
compared to the calculated value, and, in general the 
trend in the effect remained the same. The theoretical 
values show that the decrease in helical content of the 
protein has been compensated by the increase in the amount 
of random coil. The values for the ^-structure almost 
remained unchanged, except for the 0.05 M and 3.0 M 
treatments where a little increase and decrease were 
observed, respectively. These theoretical values suggest 
that the serum albumin might have undergone structural 
rearrangement when exposed to an environment surrounded by 
ammonium ions. 
The circular dichroism spectrum of the serum albumin 
in the presence of a 1.0 M concentration of potassium 
chloride was also recorded. The calculated % helix values 
of the protein in the presence of the ammonium chloride 
and potassium chloride separately, and in a combined treat¬ 
ment are presented in Table 4. 
It is observed from Table 4 that the value for the 
% cK^-helix of the protein in association with 1.0 M 
potassium chloride was slightly less than than in distilled 
water. However, this value was maintained even if various con¬ 
centrations of ammonium chloride v/ere present in the medium. 
72 
TAELE 4 
EFFECT OF POTASSIUM CHLORIDE (1.0 M) ON THE 
AMMONIUM CHLORIDE INDUCED CHANGE IN 
</“HELIX OF BOVINE SERUM ALBUMIN 
Cone, of 
nh4ci 
Calculated %<^-Helix % Relative Decrease in 
cA -Helix Content 
-K+ +K+ ~K+ +K+ 
Control 68.13 65.91 — — 
10"2 M 61.94 65.61 10.12 3.84 
5 x 10“2 M 61.03 63.96 9.08 6.12 
10"1 M 60.39 65.51 11.06 3.84 
1.0 M 58.03 64.32 14.82 5.59 
3.0 M 61.05 59.17 10.42 13.15 
The presence of 1.0 14 potassium chloride seemed to 
have stabilized the protein structure when the protein was 
exposed to an ammonium environment. The percentage 
decrease of the helix content due to ammonium chloride 
treatment v/as reduced from 9 to 14% to 3 to 6% in the 
presence of potassium chloride, except in the case of 
3.0 M treatment where the percentage decrease v/as enhanced 
from 10.42% to 13.15%. Although the maximum stabilizing 
effect of potassium chloride v/as observed for the 1.0 M 
treatment, this might not be significantly different from 
those of the other treatments, particularly in view of the 
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insignificant variability in the helical content among 
various ammonium chloride treated protein samples. 
(e) Equilibrium Dialysis Studies 
The amount of ammonium ion bound by bovine serum 
albumin (BSA) is presented in Table 5. As the concentra¬ 
tion of ammonium chloride was high, no correction of the 
results for the Donnan equilibrium effect is made. At the 
TABLE 5 
BINDING OF AMMONIUM ION BY BOVINE SERUM 
ALBUMIN (BSA) AT ROOM TEMPERATURE 
Concentration of 
Moles of NH^+ Bound/Mole of BSA 
nh4ci (M) 
1% BSA 2% BSA 
10-2 3.994 + 0.120 3.672 + 0.210 
10"1 4.417 + 0.030 4.264 + 0.170 
0.01 M concentration of ammonium chloride about 4 moles of 
ammonium ion were bound per mole of BSA (1% concentration). 
Doubling the protein concentration did not affect the 
binding of the amount of ammonium ions. Increasing the 
concentration of ammonium chloride 10 times showed a 
higher value. But doubling the protein concentration did 
not bring about any change in the extent of binding at 
higher concentration of ammonium chloride. However, it 
is observed from the results that changes in the protein 
7 4 
as well as the ammonium chloride concentration probably 
did not affect the binding of ammonium ions to the serum 
albumin. About 4 moles of ammonium ion seemed to be the 
maximum amount that was bound to the protein. 
2. Physiochemical Studies 
The results obtained from various physiochemical 
studies undertaken in this investigation are detailed in 
the following sections. 
(a) Effect on growth 
The effects of various concentrations of ammonium 
chloride and potassium chloride on the increase in fresh 
weight of the cucumber cotyledons grown for 40 hours 
under controlled conditions are shown in Table 6 and the 
values of increase in fresh weight expressed as percentage 
of control treatment are presented in Table 7. 
It is observed from the tables that ammonium chloride 
and potassium chloride affected the growth of the cotyledons 
differently at different concentrations. The values of 
the control treatment show that there was some degree of 
variation in environment condition inside the growth 
chamber. 
With regard to the effect of various concentrations 
of ammonium chloride, there did net seem to be any 
-3 
difference in effect between 10 M concentration and the 
_2 




INCREASE IN FRESH WEIGHT OF CUCUMBER COTYLEDONS IN 
PRESENCE OF VARIOUS CONCENTRATIONS AMMONIUM 
CHLORIDE AND POTASSIUM CHLORIDE 
Treat- 
^\rnent 
Increase in fresh weight, 
gms./g. fresh weight 
Cone 
(M) 
Control NH- Cl 
4 
KC1 NH4C1 + KC1 
10"3 1 .08+0.10 1.07+0.02 1.57+0.12 1.88+0.14 
10~2 1 .24+0.11 1.46+0.04 3.10+0.07 2.47+0.06 
2 x 10~2 1 .24+0.02 1.07+0.03 2.78+0.46 2.55+0.83 






.32+0.13 0.71+0.11 1.98+0.26 
TABLE 7 
RELATIVE INCREASE IN FRESH WEIGHT OF CUCUMBER COTYLEDONS 
IN PRESENCE OF VARIOUS CONCENTRATIONS OF AMMONIUM 
















99 145 174 
io"2 118 250 ' 199 
2 x 10“2 86 224 206 
5 x 10~2 29 272 181 
io-1 13 150 — — 
* •,tf 
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the growth by 18%. But further increase in the concentra¬ 
tion of ammonium chloride adversely affected the growth 
of the cotyledons as compared to the control treatment. 
Under the experimental conditions, the cucumber cotyledons 
-2 
seem to have withstood ammonium chloride up to 10 M. 
In contrast, potassium chloride produced a tremendous 
response to growth in all concentrations, the increase 
in fresh weight varying from 150 to 272% of the control 
treatments. There appeared to be a direct linear relation¬ 
ship between the concentration of potassium chloride and 
the growth of the cotyledons, except for the 0.02 M 
treatment which did not show any significant difference 
from 0.01 M concentration. The growth response seems to 
be optimum at 0.05 M concentration. Increasing the 
concentration to 0.1 M gave a decline in the growth 
response. 
Combination of equimolar concentrations of ammonium 
chloride and potassium chloride gave a positive response 
to growth at all concentrations, except in 0.1 M concen¬ 
tration, in which the cotyledons were adversely affected. 
All the values were lower than those of the potassium 
chloride treatments, except for the 0.001 M treatment, 
which seemed to show a synergestic effect. There appeared 
to be a mutual effect of ammonium and potassium in bring¬ 
ing about the change in the growth of the cotyledons. 
-3 
At low concentration (10 M) both ammonium and potassium 
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aided the increase in growth of the cotyledons. But at 
higher concentrations, the adverse effect of ammonium is 
counterbalanced by potassium. This was observed at 
all the concentrations higher than 0.001 M concentration. 
In the same token, the beneficial effect of potassium 
might have been partially counterbalanced by the adverse 
effect of ammonium treatments, resulting in the decrease 
in the combined treatment as compared to those of the 
potassium treatment. 
(b) Chlorophyll synthesis 
The effects of various concentrations of 
ammonium chloride and potassium chloride on the cucumber 
cotyledons are shown in Tables 8 and 9. Table 8 
details the actual experimental values, and Table 3 
shows the chlorophyll content of salt treated cotyledons 
expressed as percentage of control. 
It is observed from the table that there was 
considerable variations among the values for the chloro¬ 
phyll content in the same treatment conditions. This 
variation also exists among different sets of the 
experiment. However, as the relative effect of the 
different treatment conditions with respect to control 
is observed, these variations have not affected the aim 
of the investigations. 
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TABLE 8 
CPILOROPHYLL CONTENT OF CUCUMBER COTYLEDONS TREATED 
WITH VARIOUS CONCENTRATIONS OF AMMONIUM 
CHLORIDE AND POTASSIUM CHLORIDE 
^V^Treatment 
i 





I Control NH Cl KC1 NH.Cl + 
4 
KC1 
10“3 2.88+0.60 2.10+0.30 4.04+0.80 4.63+1.4 0 
. -2 
10 4.40+0.81 3.90+0.50 6.76+0.70 3.94+1.40 
2 x 10"2 2.01+0.70 1.34+0.40 6.09+0.20 1.80+0.00 
5 x 10“2 3.44+0.40 1.48+0.40 3.53+0.30 0.73+0.40 
. -1 
10 4.51+0.52 1.21+0.20 2.79+0.20 — — 
There was a continuous decline in the chlorophyll 
content of the cotyledons due to the presence of increasing 
concentrations of ammonium chloride, except for the 10 M 
concentration treatment which showed a little higher value 
-3 
than that of 10 M treatment. However, the value for 
, o-2 
10 M treatment did not appear to be significantly 
different from the control treatment. Higher concentrations 
of ammonium chloride adversely affected chlorophyll syn¬ 
thesis in the cucumber cotyledons. In contrast to this, 
potassium chloride treatments showed highly beneficial 
effects on the chlorophyll synthesis. There was a progressive 
increase in the chlorophyll content due to the application of 
increasing concentration of potassium chloride, up to 0.05 M 
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TABLE 9 
RELATIVE CHLOROPHYLL CONTENT OF CUCUMBER COTYLEDONS 
AS AFFECTED BY VARIOUS CONCENTRATIONS 









KCi NH.Cl + KCI 
4 
10"3 73 140 161 
10-2 87 154 90 
2 x 10"2 67 303 90 
5 x 10“2 43 103 21 
10"1 27 62 — 
treatment. Increasing the concentration to 0.0 M showed a 
little decline in chlorophyll synthesis. The presence of 
equimolar concentrations of ammonium chloride and potassium 
chloride showed the same trend as that of the ammonium 
chloride treatment. But the values were higher than those 
for the ammonium chloride treatments except for the 0.05 M 
treatment. A comparison of the values for chlorophyll 
content among the three treatments (Tables 8, 9) shows that 
-3 
at very low concentration (10 M) potassium overcame the 
adverse effect of ammonium chloride. But at higher con¬ 
centrations potassium chloride was not able to restore 
chlorophyll synthesis. At 10~1 M concentration as the 
cotyledons were severely damaged, no chlorophyll measure¬ 
ment could be made. 
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(c) Moisture content of the cotyledons 
The moisture content of the cotyledons stored 
at 5°C for 10 days after being grown under various treat¬ 
ment conditions are shown in Table 10. Table 10 shows 
the experimental values and Table 11 shows the values as 
percentage of control. 
TABLE 10 
MOISTURE CONTENT OF AMMONIUM AND POTASSIUM 
TREATED CUCUMBER COTYLEDONS AFTER BEING 












As each value represents the treatment in one set of 
the experiment, there appears to be variability among 
different sets of the experiment. However, different 
treatment conditions affected the moisture content of 
the cotyledons when these were stored for a long period. 
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TABLE 11 
RELATIVE MOISTURE CONTENT OF AMMONIUM AND 
POTASSIUM TREATED CUCUMBER COTYLEDONS 
STORED AT 5°C FOR 10 DAYS 









104 256 264 
io“2 16 170 172 
2 x 10~2 12 146 120 
5 x 10“2 17 18 13 
io"1 — 31 — 
At very high concentration as the cotyledons were 
damaged, moisture content could not be determined. At 
-3 
low concentration (10 M) no significant difference as 
compared to control was observed. But at NH^Cl concentra- 
tions higher than 10 M, the moisture content was drastically 
reduced. On the contrary potassium chloride seemed to have 
maintained the moisture content except at 0.05 M and 0.1 M 
concentrations, where drastic reductions in moisture 
content were observed. The presence of potassium chloride 
in association with ammonium chloride gave the same effect, 
thus showing that potassium probably overcame the detrimental 
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effect of ammonium. The control treatment also showed 
detrimental effects on the moisture content of the cotyle¬ 
dons. But the magnitude of effect did not seem to be as 
great as that of the ammonium chloride treatments. 
(d) Total insoluble nitrogen 
The total insoluble nitrogen content of cucumber 
cotyledons as affected by various treatment conditions are 
presented in Tables 12 and 13. Table 12 shows the experi¬ 
mental values of total insoluble nitrogen content of the 
cotyledons and Table 13 shows the values expressed as 
percent of control. 
TABLE 12 
TOTAL INSOLUBLE NITROGEN CONTENT OF CUCUMBER COTYLEDONS 
TREATED WITH VARIOUS CONCENTRATIONS OF AMMONIUM 
CHLORIDE AND POTASSIUM CHLORIDE 
^■"\Tr e a tme n t 
Cone. (M)\^ 
Total insoluble nitrogen mg./g. fresh weight 
Control NH.Cl 
4 
KC1 NH.Cl + 
4 
KC1 
icf3 28.50+0.70 34.80+0.42 22.90+4.10 24.10+0.70 
10 28.60+2.71 34.00+2.82 15.45+0.02 21.20+1.87 
2 x lCf2 30.80+1.13 33.35+3.74 16.20+1.27 22.95+1.06 






Among the various treatment conditions, the ammonium 
chloride treatment showed higher total insoluble nitrogen 
contents as compared to all other treatment conditions. 
The cotyledons treated with potassium chloride showed the 
lowest total insoluble nitrogen content per gram fresh 
weight basis. The combination of potassium chloride with 
ammonium chloride treatments reduced the values as compared 
to the ammonium chloride treatment above. The control treat¬ 
ment also showed higher values than the potassium chloride 
treatment. Different concentrations of the salts did not 
seem to significantly affect the total insoluble nitrogen 
content of the cotyledons, except for the ammonium chloride 
treatment at 0.05 M concentrations which showed a little 
higher value. 
TABLE 13 
RELATIVE TOTAL INSOLUBLE NITROGEN CONTENT OF 




Relative total insoluble nitrogen, % control 
nh4ci KC1 NH.Cl + KC1 
4 
io~3 122 80 85 
io“2 119 54 74 
2 x 10~ 2 108 54 75 
5 x 10~2 151 55 106 
10"1 — 48 — 
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But when the total insoluble nitrogen content of the 
cotyledons is calculated on the basis of total weight of 
the cotyledons, a different picture is obtained, as seen 
from Tables 14 and 15. Much of the desparities among the 
values for different treatment conditions are eliminated. 
By calculating on this basis, it is observed that treat¬ 
ments containing ammonium chloride alone and in combina¬ 
tion with potassium chloride, showed a little higher 
value than those of the potassium chloride and the control 
treatments. In this case different concentrations of the 
salt solutions did not significantly affect the total 
insoluble nitrogen content of the cotyledons. However, 
the 0.01 M ammonium chloride treatment showed the highest 
value. But further increase in the salt concentration 
showed a decrease in the insoluble nitrogen content. 
Various concentrations of potassium chloride did not 
significantly affect the insoluble nitrogen content and 
the values were almost at par with those of the control 
treatments. A drastic reduction in insoluble nitrogen 
content was observed for the potassium chloride treatment 
at 0.1 M concentration, for the combined treatment of 




TOTAL INSOLUBLE NITROGEN CONTENT OF CUCUMBER COTYLEDONS AS 
AFFECTED BY VARIOUS TREATMENT CONDITIONS (CALCULATED 
ON TOTAL FRESH WEIGHT BASIS) 
^'^'XTr ea tmen t s 
Cone. (M)v^ 
N\ 
Total insoluble nitrogen 





KC1 NH.Cl + KC1 
4 
icf3 236.55 + 10.67 287.10 + 7.49 234.73 + 7.66 301.25 + 19.22 
io"2 256.54 + 8.11 333.88 + 8.66 253.38 + 9.23 294.26 + 10.72 
2 x 10"2 275.04 + 6.19 275.14 + 4.82 244.94 + 9.67 327.04 + 8.97 
5 x 10”2 285.64 + 11.05 251.50 
i 
T 10.78 314.44 + 12.17 170.10 + 7.77 
io"1 262.86 + 4.22 — 155.66 + 5.55 — 
TABLE 15 
RELATIVE TOTAL INSOLUBLE NITROGEN CONTENT OF CUCUMBER 
COTYLEDONS AS AFFECTED BY VARIOUS TREATMENT CONDITIONS 
(VALUES CORRECTED FOR TOTAL FRESH WEIGHT INCREASE) 
"'^^Xrea t men t s 




KC1 NH.Cl + KC1 
4 
10'3 121 99 127 
io'2 130 99 115 
2 X io”2 100 89 119 
5 x 10 2 88 110 60 
io-1 — 59 — 
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(e) Absorption and incorporation of ^C-leucine 
(i) Absorption 
The absorption of labelled leucine by the 
cucumber cotyledons as affected by the different treat- 
A 
ment conditions is shown in Table 16. The cotyledons 
were allowed to absorb for three hours. 
TABLE 16 
TOTAL ABSORPTION OF 14C--LEUCINE BY THE CUCUMBER 
COTYLEDONS TREATED WITH VARIOUS CONCENTRATIONS 
OF AMMONIUM CHLORIDE AND POTASSIUM SOLUTIONS a/ 
'"\.5,r e a tme n t s 
Absorption 
cpm/mg. 




Control nh4ci j KC1 NH.Cl + 
aKCl 








683+21 590+28 1450+61 968+27 
2 x 10~2 554+ 8 487+13 1096+22 657+52 





609+13 — 646+30 — 
Period of absorption - 3 hours. 
The ammonium chloride treatment seems to have adversely 
affected the absorption of leucine. The magnitude of 
effect was pronounced at higher concentrations. At lower 
concentrations (0.001 M and 0.01 M) concentrations, 
no sifnificant difference was observed between each. 
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On the contrary the potassium chloride treatment exhibited 
a stimulatory effect on the absorption of the amino acid. 
The maximum effect was observed at 0.01 M concentration, 
and no significant difference was observed between 0.02 
and 0.05 M concentrations. But the 0.1 M concentration 
seemed to have decreased the magnitude of absorption in 
comparison with all other treatment conditions. Equimolar 
concentrations of ammonium chloride and potassium chloride 
also affected the absorption differently. Increasing 
concentrations of this combined treatment progressively 
decreased the absorption of leucine. As the cotyledons 
treated with 0.1 M ammonium chloride solution were 
severely damaged, no estimations were carried out. 
14 
The total absorption of C-leucine by the cotyledons, 
expressed on percentage basis relative to control, is 
presented in Table 17. 
At 0.001 M concentrations, ammonium chloride showed 
the same effect on absorption as that of the control 
treatment. But the potassium chloride treatment showed 
a stimulatory effect. The combination of ammonium chloride 
and potassium chloride seems to have had a synergestic 
effect on absorption of the amino acid at this low concentra¬ 
tion. At all other concentrations ammonium chloride showed 
an adverse effect on absorption with respect to the control 
treatment. No significant difference with respect to 
88 
control was observed between 0.01 M and 0.02 M concentra¬ 
tions. On the contrary, potassium chloride showed a 
highly stimulatory effect on the absorption of the amino 
acid, and its presence with ammonium chloride seemed to 
overcome the adverse effect of the latter to a major 
extent. 
TABLE 17 
RELATIVE ABSORPTION OF 14C-LEUCINE BY THE CUCUMBER 
COTYLEDONS TREATED WITH VARIOUS CONCENTRATIONS OF 
AMMONIUM CHLORIDE AND POTASSIUM CHLORIDE SOLUTIONS 
N. ... ' ' " 
\Treatments 
^Relative total absorption of 






KC1 NH.Cl + KC1 
4 
10“3 102 162 171 
i(T2 86 212 141 
2 x 10“2 88 197 118 
5 x lCf2 45 174 60 
10"1 — 106 — 
14 
The total absorption of C-leucine expressed as a 
percentage of total activity is presented in Table 18, and 




TOTAL ABSORPTION OF 14C-LEUCINE BY CUCUMBER COTYLEDONS 
AS AFFECTED BY VARIOUS TREATMENTS EXPRESSED 




on of ^4C-leucine, 
tal activity 
Cone. Control NH.C1 
4 
KC1 NH.C1 + KCl 
4 
io"3 47.97+3.62 59.86+2.79 62.42+1.12 69.62+2.22 
io~2 55.84+3.04 57.31+1.23 64.02+1.67 58.64+3.07 
2 x 10"2 48.71+1.03 46.44+1.10 50.73+1.00 43.09+1.29 





56.12+2.10 — 48.87+2.22 _ 
The calculation of total absorption of ^4C-leucine as a 
percentage of total activity, also shows that ammonium 
chloride resulted in a decrease in the absorption at 
higher concentration. At very low concentration (0.001 M) , 
it has shown a stimulatory effect relative to the control 
treatment. 
The potassium chloride treatment showed a stimulatory 
effect up to 0.02 M concentration. At 0.05 M, the effect 
seemed to be the same as that of the control treatment, and 
KC1 was inhibitory at the 0.1 M treatment. The combination 
of ammonium chloride and potassium chloride showed a syner- 
gestic effect, and above 0.02 M concentration it showed an 
90 
TABLE 19 
RELATIVE PERCENTAGE ABSORPTION OF 14C-LEUCINE BY 




Relative percentage absorption of 
14 




KC1 NH.C1 + KC1 
4 
1(T3 125 130 145 
10“2 103 115 105 
2 x 10“2 95 104 88 
5 x 10"2 67 96 64 
io-1 — 62 — 
inhibitory effect. However, in general, ammonium chloride 
was inhibitory at high concentrations, whereas potassium 
chloride was stimulatory even at high concentrations. 




The incorporation of C-leucine into the 
protein fraction of the cucumber cotyledons treated with 
various concentrations of ammonium chloride and potassium 
chloride is shown in Table 20. Table 21 presents the 




INCORPORATION OF 14C~LEUCINE INTO THE PROTEIN FRACTION 
OF CUCUMBER COTYLEDONS TREATED WITH VARIOUS 
CONCENTRATIONS OF AMMONIUM CHLORIDE AND 
POTASSIUM CHLORIDE SOLUTIONS 
^X^Tr e a tme n t s 
14 
Incorporation of C-leucine into the 
protein, cpm/mg. insoluble N. 
Cone . (M) _ 
Control NH .Cl 
4 
| KC1 NH.Cl + 
4KC1 




78+8 75+ 7 353+ 7 224+12 
2 x 10~2 106+5 68+ 4 358+ 6 216+ 6 
5 x 1(T2 95+9 25+16 225+11 62+14 
io"1 90+3 — — — 
It is observed from the table that the ammonium 
chloride treatments adversely affected the incorporation 
of the amino acid into the protein fraction. The magni¬ 
tude of effect was pronounced at higher concentrations 
_3 
of the salt solution. At very low concentration (10 M) 
the ammonium chloride exhibited a stimulatory effect 
on the incorporation of the amino acid into the protein 
fraction of the cotyledons. The potassium chloride treat¬ 
ments at all concentrations showed a tremendous stimulation 
of the incorporation of the amino acid relative to the 




RELATIVE INCORPORATION OF C-LEUCINE INTO THE PROTEIN 
FRACTION OF CUCUMBER COTYLEDONS AS AFFECTED BY 
VARIOUS TREATMENT CONDITIONS 
(ON SPECIFIC ACTIVITY BASIS) 
V 
"''Treatments 
Relative incorporation of "^C-leucine 
(% control) 





NH4C1 + KC1 
10~3 144 242 283 
io"2 96 452 287 
2 x 10~2 64 338 207 
5 x IO"2 26 237 65 
IO""1 — 121 — 
at 0.01 M concentration, relative to control, although on 
the basis of the specific activity 0.01 M and 0.02 M 
concentrations showed the same effect. The magnitude 
of the stimulatory effects seems to have been decreased 
with the increasing concentration of potassium chloride. 
The combination of equimolar concentrations of ammonium 
chloride and potassium chloride showed a synergestic 
effect on the incorporation of the amino acid. The 
specific activities of the 0.03. M and 0.02 M concentrations 
of this treatment were higher than that of the 0.001 M 
concentration. But comparing these values relative to 
control (Table 21), the effect seemed to be reversed. 
I 
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0.001 M concentration showed the same effect as that of 
the C.01 M concentration. However, at still higher 
concentrations the magnitude of the stimulatory effect was 
decreased. The presence of potassium chloride in presence 
of the ammonium chloride seemed to overcome the detri¬ 
mental effect of the latter at all treatment conditions. 
14 
The amount of incorporation of C-leucine into the 
protein fraction expressed as the percentage of the total 
absorption of the labelled amino acid is presented in 
Table 22. The relative incorporation rates expressed as 
percentage of control on the percentage total absorption 
basis are presented in Table 23. 
TABLE 22 
INCORPORATION OF 14C-LEUCINE INTO THE PROTEIN OF THE 
CUCUMBER COTYLEDONS TREATED WITH VARIOUS 
CONCENTRATIONS OF AMT-IONIUM CHLORIDE AND 
POTASSIUM CHLORIDE SOLUTIONS 
>"N\N^Treatments 
14 Incorporation of C-leucine, 
% total absorption 
Cone.(M) 
\ 
Control NH .Cl 
4 
r 
KC1 I i 
j 
NH.C1 + KC1 
4 
10"3 10.00+2.32 14.08+7.11 14.93+1.63 16.54+1.98 
-9 
10 11.35+3.02 12.75+1.91 24.63+1.09 23.15+3.62 
-9 
2x10 19.22+1.32 14.05+2.36 32.63+3.07 33.26+2.07 
5 x 10"2 16.32+1.09 8.24+1.73 20.90+2.99 16.68+2.66 
10"1 14.63+2.96 — 16.07+1.88 — 
94 
14 
The calculation of incorporation of C-leucine on 
the basis of percentage total absorption shows a little 
different picture than those of the values calculated on 
the basis of specific activity. But the general trend 
has remained the same. 
TABLE 23 
14 
RELATIVE INCORPORATION OF C-LEUCINE INTO THE PROTEIN 
FRACTION OF THE CUCUMBER COTYLEDONS AS AFFECTED 
BY VARIOUS TREATMENT CONDITIONS 
(ON % TOTAL ABSORPTION BASIS) 
-—-- 
Treatments 







-j " ] 




10~2 112 215 204 
2 x 10~2 73 170 173 
5 x 10~2 51 128 102 
10"1 — 110 — 
At low concentrations (0.001 M) all the treatments 
showed a stimulation of the incorporation rate, and no 
significant differences among the treatments were 
observed. However, at 0.01 M concentration, the ammonium 
chloride treatment failed to show such a stimulatory 
effect relative to the control treatment. 
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On the contrary, the potassium chloride treatment and the 
combined treatment of ammonium chloride and potassium 
chloride showed the maximum stimulation. Further increases 
in the concentration in both of the treatments gave a 




Various physical measurements of the bovine serum 
albumin in the presence of ammonium chloride showed a 
possible interaction between the protein and ammonium 
ions in the solid as well as in the solution phase. 
In the solid phase the infrared spectra showed 
pertubations of the NH stretching modes of the protein 
(amide A at 3280 cm and of ammonium chloride at 
3130 cm ^ and 3030 cm ^ at higher concentrations of 
ammonium chloride (Figure 2). The amide I (1650 cm 
and amide II (1554 cm bands of the protein did not 
appear to be affected by this interaction. However the 
deformation band of the NH^ + at 1400 cm ^ was broadened. 
4- 
The interaction possibly occurred by NH-N bonding of NH^ 
to the free amino and amide groups of the protein as 
suggested by Barker (9). The disappearance of the 3280 
cm ^ band which was observed as a shoulder at lower NH^ + 
concentrations in the NH stretching band of NH^ + might 
be partly due to the shifting of the amide A band to 
lower frequency and partly due to the broadening of the NH 
stretching bands of the NH^+. Th:s type of shifting and 
broadening of bands is characteristic of H~bond formation 
(4 , 14 , 80, 182) . 
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The presence of sufficient amounts of potassium 
ions seemed to have limited the protein-ammonium inter¬ 
action. At 1.0 M concentration of potassium chloride, 
the pertubation effect of 0.02 M ammonium was limited, 
as seen from the reappearance of the disappeared shoulder 
- 
at 3280 cm in the presence of potassium chloride 
(Figure 4). Similar observation has been reported by 
Barker (9). The band at 2810 cm ^ which is an overtone 
of the deformation band of NH„+ at 1400 cm ^ became weak 
in the presence of the potassium chloride solution. This 
band is also believed partly due to the H-bond stretching 
(9) . 
Physical measurements in the ultraviolet region in 
the solution phase also showed evidence of protein-ammonium 
interactions. The ultraviolet fluorescence spectra showed 
a possible interaction between the ammonium ions and the 
protein molecule. When the protein was excited at 280 nm., 
the fluorescence was observed at 345 nm. The fluorescence 
is due to the tryptophan residue as the serum albumin 
contains both the tyrosine and the tryptophan residues 
(137, 162, 189). In the presence of higher concentrations 
of ammonium, a slight decrease in the relative intensity of 
the fluorescence maxima was observed. This decrease might 
have beeii due to some specific interactions of the ammonium 
chloride with some specific residues of the protein moiety 
and this interaction might have resulted in the quenching 
of the fluorescence relative to the proteins dissolved in 
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the distilled water. Another possibility is that the protein- 
ammonium interactions probably resulted in the change of 
the aromatic residues environment, and as a result lesser 
r 
amount of fluorescence yield was observed. Barker (9) 
observed a little decrease in the viscosity values of the 
serum albumin in the presence of the higher concentrations 
of ammonium chloride. This suggests a relatively more 
compact structure of the protein possibly resulted due to the 
interaction of this ammonium ion with the protein. This 
effect might have brought the reactive groups and the 
chromophores more close to each other and the fluorescence 
might have been partially quenched due to the intramolecular 
interactions. The ultraviolet absorption spectra in the 
region of 250-300 nm., which is primarily due to the 
aromatic side residues (50, 72) showed a slight, decrease 
in the intensity of the absorption maxima of the protein 
in association with high concentrations of ammonium chloride. 
The slight decrease in the intensity of the ultraviolet 
absorption maxima in the presence of ammonium chloride 
might have been resulted due to the relatively more folded 
conformation of the protein molecule. However, as no shift 
in the wavelength of the absorption maxima was observed it 
is difficult to suggest the above mentioned interpretation 
from the absorption spectra alone. But in view of the 
observations from the fluorescence spectra and the viscosity 
studies, the observed change in the absorption spectra 
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possibly due to relatively more folded conformation of 
the protein molecule, may not be ruled out. 
Circular dichroism studies showed that major portion 
of the protein molecule remained in helical conformation 
which confirms the literature value (54). The association 
of ammonium chloride resulted in about a 10 to 14 percent 
decrease in the helical content of the protein (Table 3). 
This decrease in the amount of decrease in the helical 
content might have been due to the rupture of hydrogen 
bonds between the partners of the peptide linkage. 
Ammonium ions are known to be acceptors and donors of 
hydrogen atoms for hydrogen bonds. Thus the ions might 
have competed with those of the proteins for the hydrogen 
bond of the helix and broken the hydrogen bonds present 
in the native conformation. However, the magnitude of 
this effect seemed to be fixed as different concentrations 
of ammonium chloride did not show significant differences 
in decreasing the helical content of the serum albumin. 
This fixed amount of interactions might be due to the fixed 
amount of binding of the ammonium ions to the protein 
molecule as seen from the equilibrium dialysis studies 
(Table 5) which showed a maximum amount of about 4 moles 
of ammonium ions bound per mole of the serum albumin 
irrespective of an increase in the protein or in the salt 
concentrations. No specific literature is available to 
substantiate this observation. Thus it appears that the 
i 
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ammonium ions are probably bound to some specific sites 
of the protein moiety and thus the amount of interaction 
appears to be limited. As these physical studies showed 
the gross effect of the interaction, it is not possible 
to ascertain the exact nature and site of binding of the 
ammonium ions. The circular dichroism study also showed 
that the magnitude of decrease in the helical content due 
to the interaction of the ammonium ions was considerably 
limited when sufficient amount of potassium ions were 
also present in the medium (Table 4). Thus the potassium 
ions, being of same ionic radii might have competed with 
the ammonium ions for those specific potential sites in 
the protein molecule. As a result the ammonium ions 
could not have effectively competed for the hydrogen bonding 
activity. Moreover, it is the potassium ions that are 
believed to be better stabilizers of structural forces of 
the proteins and the ammonium ions are the least stabilizers 
among the various monovalent cations (48, 49). Thus there 
might be a double effect of the ammonium ions on the 
alteration of the secondary and the tertiary structure of 
the protein. On the secondary level, it is observed to have 
affected the c^-helix and on the tertiary level, a simul¬ 
taneous tightening of the molecule might have been the 
result. However, no attempt is mede to elucidate the exact 
nature of these interactions. Little information is available 
in the literature about the ammonium interactions with the 
proteins. However, it might not be appropriate to correlate 
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these studies with other similar studies made completely 
with different systems, as these effects are highly 
specific for the cation as well as for the protein, and 
the effects vary randomly (177-181) . However, all the 
physical measurements showed that the interaction of the 
ammonium ions with the serum albumin is of very small 
magnitude. But even though, this minor interaction might 
have significant effect on the biological systems. 
The ammonium ions seem to have an adverse effect on 
the normal metabolism of the cucumber cotyledons, as seen 
from the different physiological studies. The chlorophyll 
synthesis which is of primary importance for plant growth 
was adversely affected by the ammonium chloride treatments 
(Table 8). Even at very low concentrations (0.001 M) its 
adverse effect was observed. The decrease in the chloro¬ 
phyll content at very high concentrations might have been 
due to the relatively high osmotic pressure (107) associated 
with severe morophological and physiological changes in 
sub-chloroplastic particle as reported by Puritch and 
Barker (131) . The potassium ions showed a stimulatory 
effect on the chlorophyll synthesis as compared to the 
control treatment. The presence of potassium ions seemed 
to overcome this adverse effect of ammonium on chlorophyll 
synthesis r.t all concentrations. 
The data on the total insoluble nitrogen content 
(Table 14) show that at the lower concentrations (0.001 M 
and 0.01 M) the cucumber cotyledons treated with ammonium 
chloride solution had higher insoluble nitrogen content 
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than those of the control and the potassium chloride treated 
cotyledons. The mixture of ammonium chloride and potassium 
chloride treatments also had higher values. But at the 
higher concentrations, the ammonium chloride treatments 
failed to show such higher values. On the contrary a 
little decrease was observed at 0.05 M concentrations. 
At the lower concentrations of ammonium chloride, the 
magnitude of the adverse effect on chlorophyll synthesis 
was not pronounced (Table 8). As a result the photosynthetic 
process may not have been adequately affected. Thus, the 
ammonium ions which were absorbed by the cells were 
efficiently incorporated into the carbon skeleton and 
utilized for the synthesis of the insoluble nitrogenous 
compounds. This higher value was mainly due to the supply 
of a major component for the synthesis of the insoluble 
nitrogenous compounds. But at higher concentrations of 
the ammonium chloride treatment, the photosynthetic and 
the respiratory activities of the cells are severely 
affected (14, 131). This would curtail the supply of 
carbon skeleton for the ammonium to be incorporated. Thus 
in the course of time, the presence of higher amount of 
ammonium in the cells would deplete the carbon skeleton 
altogether, and the synthesis of the insoluble nitrogenous 
compounds r*ould be drastically affected. In addition to 
affecting the anabolic process, the ammonium ions also 
affect the catabolic process of the protein by enhancing 
its breakdown (16). Thus, a decrease in the total 
103 
insoluble nitrogen content at the higher ammonium concentra¬ 
tions have been observed. In the case of the potassium 
treatments, at all concentrations, except for 0.1 M concentra¬ 
tion, the insoluble nitrogen content had practically remained 
the same. As no nitrogen was supplied to these treatments, 
no change in the insoluble nitrogen content was observed. 
However, unlike the ammonium chloride treatment, higher 
concentrations of potassium chloride did not show such 
detrimental effects except for the 0.1 M treatment. Thus 
the treatments maintained the insoluble nitrogen content. 
This shows that even at higher concentrations the potassium 
ions probably utilize the existing soluble amino acids for 
the protein synthesis at a normal rate, and in addition 
these ions possibly did not affect protein breakdown. As 
will be seen in the following section, the potassium ions 
showed a tremendous stimulatory effect on protein synthesis. 
The decrease in the insoluble nitrogen content for the 
0.1 M potassium chloride was probably due to the breakdown 
of the cells as a result of high salt concentrations. The 
control treatment maintained the total insoluble nitrogen 
content possibly due to the same reason suggested for the 
potassium chloride treatment. 
The different treatments of ammonium chloride and 
potassium seem to have affected the absorption of solute 
14 
from the nutrient medium as monitored by " C-leucine 
(Table 16). The absorption of 14C-leucine by the cotyledons 
was adversely affected at the higher concentrations of the 
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ammonium chloride treatments. However, at the lower 
concentrations (0.001 M and 0.01 M), the effect is not so 
pronounced. On the contrary, at all concentrations, the 
potassium chloride treatment has exhibited a stimulatory 
effect. The presence of potassium ions in an ammonium 
medium has also shown stimulatory effect. This shows the 
ammonium ions might be adversely affecting the membrane 
permeability of the cell in some way thus limiting absorp¬ 
tion, whereas the potassium ions might be maintaining the 
membrane permeability. The stimulatory effect of the 
combined treatment shows that the presence of the potassium 
ions might be overcoming the adverse effect of the ammonium 
ions, thus restoring the membrane structure and permeability. 
This is also evidenced from the values of the moisture 
content of the ammonium and the potassium treated cotyledons 
stored at 5°C for 10 days (Table 10). The severe dehydration 
of the ammonium treated cotyledons stored at very low 
temperature conditions for 10 days, shows a possible 
progressive effect of the salt on the membrane permeability 
in course of time, resulting in the leakage of water from 
the cells. Whereas, the maintenance of the moisture content 
in the potassium treated cotyledons at all concentrations, 
with and without the ammonium chloride, except at 0.1 M, 
shows a possibly specific beneficia] effect on the membrane 
structure and permeability. The control treatment also 
showed an adverse effect on maintenance of moisture, thus 
showing that it is as detrimental as the ammonium chloride 
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treatment with regard to this effect. 
Protein synthesis as monitored by the incorporation 
14 
of C-leucine into the protein fraction, was also 
adversely affected by the higher concentrations of ammonium 
chloride (Table 20). However, at 0.001 M it showed a 
little stimulatory effect, and at 0.01 M concentration no 
significant effect relative to the control was observed. 
On the .contrary, the potassium chloride treatments with or 
without the presence of ammonium chloride showed a tremen- 
14 
dous stimulatory effect on the incorporation of C-leucine 
at all concentrations. It has been reported by various 
workers (34, 133, 134, 153), that there is a higher require¬ 
ment of the ammonium and the potassium ions at the riboso- 
mal level for the protein synthesis. The ammonium and 
the potassium ions are specifically required for the binding 
of the aminoacyl-t-RNA to the acceptor site at the 30S 
ribosome (132, 153), and both the ions at higher concentra¬ 
tions are required for peptide bond synthesis (153) . Thus 
as the results of this study show, the adverse effect of 
the ammonium ions might be due to its effect on some steps 
prior to the step involving binding of aminoacyl-t-RNA to 
the 30S ribosome. Prior to this step is the activation of 
the amino acid by ATP and the simultaneous binding of the 
activated amino acid to the specific t-RNA to form aminoacy? 
t-RNA. Thus it seems the higher ammonium concentrations 
might have affected this step in the protein sysnthesis. 
So far as the various co-factors are concerned in this step, 
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ATP is the most important one, as energy is required for 
binding of the amino acid to the t-RNA. It has been 
reported that the ammonium ion uncouples photophosphoryla¬ 
tion (3, 81) and adversely affects photosynthetic and 
respiratory activities (15, 131). Thus, the ammonium 
ions might have severely limited the production of energy 
in the cells. Thus the severe reduction in the production 
of energy might have limited the binding of leucine to 
its specific t-RNA. Thus the limited supply of the 
aminoacyl-t-RNA to the 30S ribosome possibly has resulted 
in the drastic reduction of the incorporation of leucine 
into the protein fraction of the cotyledons at the higher 
concentrations of ammonium chloride. However, at lower 
concentrations, the energy production may not have been 
limiting. Thus a stimulatory effect is probably observed. 
On the contrary, the potassium ions do not have such 
adverse effect on the energy production of the cells and 
in addition these ions are essential for the specific steps 
of the protein synthesis at higher concentrations. As a 
result, probably a stimulatory effect on the incorporation 
of leucine was observed and the presence of potassium ions 
along with the ammonium ions might have limited the adverse 
effect of the ammonium ions to a greater extent by main¬ 
taining th° physiological processes involved in the energy 
production, thus showing a higher incorporation rate than 
those of the ammonium treated cotyledons. 
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The adverse effect of the ammonium ion and the benefi- 
cial effect of the potassium ion would be expected to show 
as a gross effect on the growth of the cotyledons. It has 
been observed that (Table 6), there is considerable 
reduction in the fresh weight of the cotyledons due to 
the higher ammonium treatment and a tremendous increase in 
the fresh weight due to the potassium chloride treatments 
in the presence or in the absence of the ammonium chloride. 
All these studies correlate with the observations of 
Maynard et al. (103) who had associatedthe ammonium 
toxicity with the potassium deficiency in the tomato plants. 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Studies were conducted to investigate the interactions 
of bovine serum albumin with ammonium and potassium ions 
and the effects of these ions on the various physiological 
processes of cucumber cotyledons. The following results 
were obtained. 
1. The infrared studies showed an interaction between 
the serum albumin and the ammonium ion. The potassium ions 
did not show any interaction with the protein. Evidence of 
hydrogen bonding of ammonium with the protein was obtained. 
2. The ultraviolet absorption and the ultraviolet 
fluorescence studies indicated a little tightening of the 
protein structure due to the presence of ammonium ions. 
3. The ultraviolet circular dichroism study showed 
a 10-14% decrease in the helical content of the serum 
albumin due to the presence of ammonium chloride. The 
different treatment conditions did not show any significant 
differences. The presence of the high concentrations of 
potassium chloride seemed to have limited the magnitude of 
decrease in the helical content of the serum albumin 
induced by the ammonium ions. 
4. About 4 moles of ammonium ions were bound per 
mole of the serum albumin as obtained from the equilibrium 
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dialysis study. Difference in the protein or in the salt 
concentration did not show any detectable differences 
in the binding. 
5. The application of ammonium ions showed adverse 
effects on the growth, the chlorophyll synthesis and the 
maintenance of moisture at lower temperature in the 
cucumber cotyledons at higher concentrations. The potassium 
ions in the presence or in the absence of the ammonium ions 
showed stimulatory effect on the above mentioned physio¬ 
logical processes. 
6. The total insoluble nitrogen content was little 
higher in the ammonium treated cotyledons in the presence 
or in the absence of potassium ions than those of the 
potassium and control treatments at lower concentrations 
and was lower at higher concentrations. The potassium 
treated cotyledons virtually did not show any change. 
14 
7. The absorption and the incorporation of C- 
leucine were severely restricted at the higher ammonium 
concentration, whereas the potassium ions in the presence 
or in the absence of the ammonium ions showed tremendous 
stimulatory effect on both the processes. 
All these studies indicated that the adverse effects 
of the ammonium were overcome by the presence of potassium 
ions to a considerable extent. 
It should be noted that the studies undertaken in 
this investigation showed the-gross effects of the 
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ammonium ions on the protein structure and the physiological 
processes in the plants. It is just the preliminary study 
of a more complex phenomena. More detailed and quantita¬ 
tive studies are highly desirable to substantiate some of 
the observations made in this investigation. The following 
studies are suggested. 
(i) Nuclear magnetic resonance; far and near 
infrared and raman studies to observe the protein-ammonium 
interaction in the solution phase and to detect the 
possible formation of hydrogen bond between the ammonium 
ion and the protein molecule. 
(ii) Hydrogen exchange studies and titration 
study to quantitatively ascertain more precisely the 
magnitude of binding and the specific sites involved in the 
binding. 
(iii) The energy production in a suitable biological 
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4 PROGRAM MRESEL 
6 DIMENSION BASE (80) 
8 INPUT, KNT, MMM 
10 READ,(BASE(J),J=1, KNT) 
11 DO 13 J = 1,KNT 
12 BASE (J) = BASE(J) - .000 
13 CONTINUE 
15 TYPE REAL M, LAMBDA, MRESEL, L 
20 READ, TEMP 
23 READ, U, PH 
25 PRINT 30, TEMP, U, PH 
30 FORMAT (///IX, *TEMP.= * F4.1, * DEGREES C *, /IX, 
31C *IONIC STRENGTH = * F9.7, /IX, *PH = * F7.2) 
40 M = MMM 
41* M LS THE GRAM MOL. WT./AMINO ACID RESIDUE 
43 READ, L 
45 READ, C 
46 READ, RANGE 
47 PRINT 5, L, C, M 
48r5 FORMAT (IX, *PATHLENGTH = *, F4.2, * CM. *, /IX, 
49C *CONC. = *, F10.8, *G/ML. *, /IX, *M = *, F5.1) 
50 PRINT 7 
51 v 7 FORMAT (/IX, * LAMBDA *, 2X, *MEAN RESIDUE ELLIPTl'CITY X 
(0.001)*) 
53 DO 2 J = 1,KNT 
55 READ, X, Y 
56 LAMBDA=X 
57 CHRTVAL=Y 
59 IF (EOF, 60)107, 60 
60 DISPL=(CHRTVAL) - (BASE (J) ) 
65 ELLIP = DISPL*RANGE 
70 MRESEL = (ELLIP/10.0) * ((M)/(L*C)) 
75 MRESEL = MRESEL * (0.001) 
80 PRINT 83, LAMBDA, MRESEL 
83 FORMAT (IX, F6.1, 2X, F7.3) 
8412 CONTINUE 
85* PROGRAM SET UP 
86* 
87* THE 1ST SET OF X# OF VALUES STARTING WITH LINE 121 ARE 
88* THE BASELINE VALUES. DON’T PRINT THE VALUE OF LAMBDA 
8 9* 
90* THE DO LOOPS IN STATELENTS #10 11 CORRESPOND TO THE # 




93* STATEMENT #12 CONTAINS THE BASELINE TEMPERATURE 
94* CORRECTION VALUE. 
95* 
96* THE DO LOOP IN STATEMENT #53 SHOULD HAVE AS ITS FINAL 
VALUE 
97* THE # OF BASELINE VALUES. 
98* 
99* LINE 
100* 181 TEMPERATURE 
101* 182 IONIC STRENGTH, PH 
102* 183 PATHLENGTH OF CELL IN CM. 
103* 184 CONC. OF SAMPLE IN GRAMS/ML. 
104* 185 FULL RANGE SETTING ON CAREY 
105* 186 DATA ARRANGED AS FOLLOWS 






5 PROGRAM VARANCE 
10 DIMENSION A (21) , B(21), C(21), D(21), XLAMBDA (21) , E(21), 
11C F (21) , G (21) 




20 READ, (A (I) , 1=1, 21) 
25 READ, (B (I) , 1=1, 21) 
30 READ, (C (I) , 1=1, 21) 
35 READ, (XLAMBDA(I), 1=1, 21) 
40 READ, (D (I) , 1=1, 21) 
41 BETA=0. 
45 ALPHA=100. 
47 GO TO 60 
55 BETA=BETA + 1. 
57 IF (BETA .EQ. 101.) 200, 60 
60 R=(100. - ALPHA) - BETA 
70 DO 77 K=1, 21 
75 E(K) = (A(K) * ALPHA)/100. 
77 CONTINUE 
80 DO 87 K=1, 21 
85 F(K) = (B(K) * BETA)/100. 
87 CONTINUE 
90 DO 97 K=1, 21 
95 G(K) = (C(K) * B)/100. 
97 CONTINUE 
98 X=0. 
100 DO 117 K = 1, 21 
105 MEAN=CURVE=E(K) + F(K) + G(K) 
110 DIFF = (ABSF (D (K) --MEAN) ) **2 . 
115 X=X + DIFF 
117 CONTINUE 
118 Y=X/21. 
120 STDDEV = SQRT(Y) 
125 VARIANC=STDDEV**2. 
135 IF (VARIANC .LT. VLOWEST) 136, 152 




152 ALPHA = ALPHA - 1. 
155 IF (ALPHA .EQ. -1.) 156, 60 
156 Z=Z-1. 
157 ALPHA = Z 
132 
158 GO TO 55 
200 PRINT 1, VLOWEST, P, Q, RA 
210 fl FORMAT (IX, *THE VARIANCE = *, FI0.5, /IX, 
211C *% HELIX = * F10.5, /IX, 
212C *•% BETA = *, F10.5, /IX, 
213C *%. RANDOM = *, F10.5) 
214 PRINT 2 
215^2 FORMAT (IX, *MEAN RESIDUE ELLIPTICIES (X 0.001)*, 
216C *LAMBDA*, /IX, *OF THEORETICAL CURVE*) 
218 DO 225 M=1,21,1 
219 CURVE = (A (M) * P)/100. + (B (M) * O)/100. + (C (M) * 
R A) /10 0 . 
220 PRINT 3, CURVE,XLAMBDA(M) 
22It 3 FORMAT (IX, F7.3, 35X, F5.1) 
225 CONTINUE 
230 END 
235 ENDPROG 
251 -3.3 
252 -4.3 
253 -11.4 
254 -21.9 
255 -32.4 
256 -35.7 
257 -35.3 
258 -33.1 
259 -31.4 
260 -31. 
261 -32.1 
262 -32.4 
263 -32.6 
264 -25.0 
265 0. 
266 14.3 
267 44.3 
268 64.3 
269 73.3 
270 76.9 
271 74.8 
281 0.7 
282 -1.4 
283 -3.6 
284 -6.4 
285 -11.4 
286 -13.8 
287 -15.7 
288 -18.4 
289 -17.9 
290 -16.4 
291 -12.1 
292 -10.8 
293 -4.7 
5X . 
133 
294 5.7 
295 19.3 
296 24.3 
297 30. 
298 31.9 
299 30. 
300 25.3 
301 22.4 
311 -.150 
312 -.140 
313 0. 
314 .8 
315 2.7 
316 3.9 
317 4.4 
318 4.6 
319 4.1 
320 3.5 
321 0. 
322 -1.4 
323 -3.4 
324 -14.5 
325 -25.6 
326 -36.4 
327 -41.9 
328 -41. 
329 -37.5 
330 -34.7 
331 -32.2 
341 240. 
342 238. 
343 234. 
344 230. 
345 225. 
346 222. 
347 220. 
348 217. 
349 215. 
350 114. 
351 211. 
352 210. 
353 208. 
354 205. 
355 202. 
356 200. 
357 197. 
358 195. 
359 192.5 
360 191. 
361 190. 
371 -1.3 
134 
372 -2.85 
373 -7.5 
374 -14.15 
375 -21.9 
376 -24.75 
377 -25.5 
378 -25.75 
379 -84.65 
380 -23.7 
381 -22.1 
382 -21.6 
383 -18.65 
384 -9.65 
385 9.65 
386 19.3 
387 37.15 
388 48.1 
389 51.65 
390 51.1 
391 48.6 
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